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Abstract 

Sana‟a basin, where the city of Sana‟a represents more than 80% of its population, suffers 

from groundwater abstraction counted up to four times of recharge. Rooftop rainwater 

Harvesting (RTRWH) is one of the most promising alternatives for supplying freshwater in 

the face of increasing water scarcity. Therefore it is wise to harvest it from rooftops and 

store it for different uses.  

In this study the potential quantity of rainwater that can be harvested from the roofs of 

Sana‟a city has been calculated based on digitizing 2009 satellite image. The city has been 

divided into three zones according to the rainfall density. The results show that annually 6.4 

Million Cubic Meters (MCM) can be harvested from rooftops of buildings.  

Rainwater quality has been assessed. With the exception of biological indicators, all other 

parameters are found to be below the maximum values of both Yemeni and World Health 

Organization (WHO) standards. However using filters such as silver filter (SF), make such 

harvested rooftop water potable.  

From the economic point of view matrix for selection process of appropriate type of tanks 

has been developed. From the cheapest to the expensive ones, brick cement, ferrocement, 

block and concrete tanks are suggested.  

Social survey has been cried out in order to define the locals‟ awareness, willingness to 

cooperate/pay and opinions on RTWH. There are more than 85% of interviewees are aware 

of water scarcity and encouraging the idea of RTRWH. However, 82% of them are willing 

to take apart of participation in RTRWH projects.   

In the basin level, rehabilitation of 1615 dried-up wells to act as recharge wells has been 

done by developing different ground filters. Cesspits, ponds and check dams also are other 

possibilities that have been identified and discussed as groundwater recharge media. 

 

Key words: RTRWH, RWH, IWRM, Rain water quality, ground water recharge, storage 

tanks. 
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CHAPTER ONE 

INTRODUCTION 
 

1.1  Background 

Water scarcity and deterioration of its quality have become one of the biggest challenges all 

over the world. Yemen, which is one of the driest countries, suffers from severe water 

scarcity. Yemen is categorized as an arid to hyper-arid country with no surface water 

except what is coming from the rainfall. The renewable water resources in Yemen, sum up 

to an average of 2500 Million Cubic Meter per year (MCM/year) while the total water 

consumption in Yemen is about 3400 MCM/year, which means that the deficit is about 900 

MCM (JICA, 2007).  

In Yemen, the availability of water counted to be less than 120m
3
 per capita per year, In 

contrast, 7500m
3
 and 1250m

3
 per capita are the world and Middle East and North Africa 

Region (MENA) averages respectively. Availability of water in Yemen is less than the 

minimum required for food self sufficiency (1,100m
3
) (Hellegers, et al, 2008). 

Sana‟a basin, located in the western part of Yemen, is one of the most affected basins in the 

country in term of water scarcity. In Sana‟a basin, where the capital of Yemen is located, 

groundwater abstraction counted up to six times of recharge. Rainfall in Sana'a basin is 

ranged between 110 – 350 mm/year. The tow rainy seasons are between March to May and 

July to September (JICA, 2007). 

Sana'a city represents more than 80% of the basin population, Moreover Sana‟a is 

considered as a center of the Yemenis culture since it has unique urban and architectural 

inheritance old town “old Sana‟a”, dated back to 2000 years. Old Sana‟a has been declared 

by United Nations Educational Scientific and Cultural Organization (UNESCO) as a World 
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Heritage Site in 1984 (World Bank, et al., 2009). Recently, Sana‟a city is facing water 

shortage problem and looking for new sources. 

1.2    Problem Statement 

Sana‟a, the political and administrative capital of Yemen, is the first capital all over the 

world is running out of water, in spite of the fact that the water consumption per capita is 

less than 120 CM/Y (Hellegers, et al., 2008). In Sana‟a basin, groundwater is being 

depleted and the deficit reaches about 219 MCM every year (JICA, 2007).  

There are many factors that led to water shortage in Sana‟a basin: Population growth, 

expanding the agricultural area, using surface irrigation systems, limited water resources, 

lack of water conservation (awareness among societies), and absence of effective laws and 

regulations. Consequently, these reasons have led to the increasing in digging wells which 

results in an overexploitation of the groundwater. 

Conflict among users, degradation of water quality, and increasing in the costs of pumping 

are some results of increasing the pressure on the only non-renewable groundwater 

resource. A problem tree is shown in Figure 1-1` describing the problem statement of 

Sana‟a basin. 

 Population Growth: 

 In Yemen, the population in Sana‟a increases more than any other city in Yemen. In 1977, 

Sana‟a population was only 162,000 people representing just 3% of the country‟s 

population, due to the natural population growth and in-migrants from urban and rural parts 

of the country the population have grown to more than ten times to reach 1.7 million 

inhabitants in 2004, representing 9 percent of Yemen‟s total population at that time (World 

Bank, et al., 2009).  
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Figure 1-1. Problem statement tree for Sana’a basin 

 Agricultural activities: 

Agricultural sector with its expansion is playing a big role in term of water consumption 

since 75% of the population of Sana‟a basin depend totally on agricultural activities, mainly 

by cultivating qat, grapes and other fruits (World Bank, 2003). Good income and 

profitability of high value crops like qat and grapes, has driven rapid expansion of tube 

wells and pumps (Bruns and Taher, 2009). As a result, more than 90% of the extracted 

water goes for irrigation (hydrosult, 2010)  

 Groundwater Governance 

With the arrival of tube well technology after 1970s (Hellegers, et al, 2008), illegal and 

authorized wells are being continually drilled in Sana‟a basin. Study by Water and 

Environmental Center, Sana‟a University (WEC), (2004) calculated the total wells within 

Sana‟a basin to be 13256 wells.  
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1.3 The Importance and justifications of the study: 

Sana‟a, the study area with about 2 million people, is facing a real problem in terms of 

water scarcity. There is a great need of studies exploring new sources of water rather than 

groundwater. A study for Sana‟a Basin Management Project (SBWMP) done by Japan 

International Cooperation Agency (JICA), 2007, estimated that the groundwater resource is 

going to be depleted before the year 2024; the study prepared a scenario for water saving 

through reduction of water consumption. However it is reported that such scenario can 

expand the period of water depletion only until the year of 2036.   

Rainwater Harvesting considered as a significant renewable source that can contribute in 

groundwater saving. Within Sana‟a basin, there are 44 surface dams and 24 dams/pools. 

Most of these dams are being used for groundwater recharge and irrigation (JICA, 2007). 

However, RTRWH is another potential source of Water Harvesting (WH) for Sana‟a city. 

Urban areas like Sana‟a represent a significant percentage of the large impermeable areas. 

Therefore, it offers a good possibility of RTRWH.  

In Sana‟a, RTRWH could contribute in closing the growing gap between water demand 

and water supply, reducing the high pressure on Sana‟a Water and Sanitation Local 

Corporation (SWSLC), and mitigate the problem of increased number of tankers which are 

serving not only the households who aren‟t connected to the public network but also in so 

many cases those who are connected to the public network and receive intermittent water 

supply. 

Last years, in Yemen, many RTRWH projects have been implemented successfully by 

Social Fund for Development (SFD). As a policy of SFD all of these projects have been 
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implemented in rural areas. Accordingly a valid opinion about the potential of RTRWH in 

urban areas in Yemen needs an investigation. 

Nevertheless and regarding to RTRWH in Sana‟a, there are several questions remain open 

and required answers: How much of rainwater can be harvested from the rooftops of 

Sana‟a? Is it feasible, Acceptable, usable, and applicable? What are the kinds, sizes and 

sites of storage systems? What about the costs? To what extent RTRWH could contribute 

to groundwater saving?  Under Integrated Water Resources Management (IWRM) 

approach all of these questions and other related questions have been answered by this 

study.  

1.4 Objectives of the study 

 Overall objectives 

 To contribute to propose a WH strategy for the Sana‟a Basin in order to achieve 

sustainable development. 

 To define the awareness and willingness to cooperate/pay of local people.  

 Getting benefit and maximize utilization of surface water in Sana‟a city by 

RTRWH to increase water availability, reduce people suffering and reduce the 

pressure on the non renewable groundwater resource.  

 Specific objectives 

 Estimate the amount of water that can be captured from the roofs. 

 Identify for what purposes this water could be used. 

 Identify potential sites, techniques, and sizes of the tanks. 

 Identify other possibilities of Rainwater Harvesting (RWH) in Sana‟a Basin 

rather than RTRW
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CHAPTER TWO 

LITERATURE REVIEW 

2.  

2.1 Water Harvesting 

The development, population growth and climate change are some factors that led to 

increasing water demand and put stress on the available water resources. WH provides an 

innovative solution to meet water needs. WH can contribute to environmental, social and 

economical benefits, as well as to poverty alleviation and sustainable development. For 

instance, RTRWH has a socio-gender impact. With RWH women and children can be 

saved from water fetching. So WH not only increases human well-being but also it 

improves the equity and creates a gender balance. Rainfed agriculture provides nearly 60% 

of global food (UNEP, 2009). WH under IWRM approach means recognizing its value and 

achieving its optimum benefit at the location where it falls. 

2.1.1 Definition 

Water harvesting is known as a general name for the whole techniques used to collect 

runoff or flood water that can be used for different purposes as follows (Texas Water 

Development Board, 2005; UNEP, 2009): 

 For storage: either in man-made structures (dams, tanks or containers) or in the soil 

profile which can be used later on for human or livestock consumption,  

 For irrigation or commercial and industrial purposes and, 

 For groundwater recharge. 

Harvested water is a renewable source of water for domestic, landscape and agricultural 

uses. 
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2.1.2 Components of rainwater harvesting systems 

Catchment area, storage facilities and target area are the three main components of RWH 

systems according to (Oweis et al. 2001). 

Catchment area: 

It is defined as a part of land that receives rainwater and shares it for other target areas or 

uses outside its boundaries. Starting from a few square meters to several square kilometers 

the runoff area (catchment area) could be an agricultural or landscape area, rooftop or 

roads.  

Storage facilities: 

It is the place where rainwater is stored until it is used. Storage could be any type of 

containers, such as tanks above or under the ground, soil profile or groundwater aquifers.  

Target area: 

For different purposes it is the place where the harvested water is used. Human, plants, 

animals and landscape are end targets of harvested rainwater. 

2.1.3 Rainwater harvesting systems 

Rainwater Harvesting is an ancient technique that has been used for thousands of years; 

whether for irrigation purposes or for human and animal uses. Different techniques of WH 

have been used and developed. Selecting WH technique depends on many factors (AL-

Zayed, 2010). These include:  

 physical factors such as rainfall, hydrological, topographical, and soil 

characteristics, 

  socioeconomic factors,  

 environmental factors, 

 ecological factors, and  

 the purpose of rainwater use factor.  
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WH methods are classified in different ways. In spite of the type of use and storage, being 

the main classification criteria, catchment size is the commonly used method as it is shown 

in Figure 2-1 (Oweis et al. 2001; AL-Zayed 2010).  

 

Figure 2-1. Rainwater harvesting methods 

Source: (Oweis et al. 2001) 

Micro-catchment systems:  

Micro-catchment system is a small and simple catchment field based and ranges from a few 

square meters to about 1000 square meters. Micro-catchments are small countered areas 

with slopes to increase runoff and concentrate it in adjacent cultivated area. Accumulated 

runoff is stored in root zone where it is directly used or in small containers for later use 

(Critchley, et al. 1991; Oweis et al. 2001). 
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Macro-catchment systems: 

 Located outside target areas (farms) boundaries, Macro-catchments are relatively large 

catchments (30-200 meters in length) (Critchley, et al. 1991). Macro-catchment could be a 

natural rangeland, steppe or mountainous area.  “WH from long or external catchment” and 

“flood WH system” are names used for macro-catchment system (Oweis et al. 2001). 

Rooftop systems: 

In rooftop systems, rainwater is collected from impermeable surfaces and stored or directly 

used for several purposes. Different surfaces such as roofs of the houses, courtyard and 

similar impermeable surfaces including roads and rock catchments can be used to collect 

better quality rainwater. In such surfaces almost all of the rainfall can be collected.  

The use of rooftop rainwater depends on:  the type of the system (surface, gutters, and 

storage container), frequently cleaning and maintenance of the system, as well as users‟ 

needs. Modern materials used for roofs and gutters, helped to collect clean rainwater that 

can be used for drinking. Livestock consumption, gardening, and landscape are other 

targets where rooftop rainwater can be used (UNEP, 2009; Abdulla & Al-Shareef 2009; 

Oweis et al. 2001).  

2.2 Domestic Rainwater Harvesting (DRWH) 

Using RTRWH for domestic uses improves the equity and creates a gender balance through 

saving women and children, especially in developing countries, from looking after and 

collecting the water (UNEP, 2009).  

2.2.1 RTRWH components 

There are three main components of RTRWH systems catchment area, delivery system and 

storage tanks (Figure 2-2). In this section, the three main components with other secondary 

components have been explained. 
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Figure 2-2.Roof catchments system-Taiz 

Source: Taher and Saleh (2010). 
 

Catchment area: 

Catchment area is the roof of the house. The effective area of the roof (catchment size) and 

the material of construction affect the water quantity and quality (Texas Water 

Development Board, 2005). More details about the materials and its effect on water quality 

are explained in the rooftop rainwater quality part, chapter 2, section 2.3.3.  

Delivery system (Gutters and downpipe): 

Gutters are fixed to the edges of the roof in order to collect and transport rainwater from the 

roof to the storage tank. Different materials have been used for gutters. Polyvinyl Chloride 

(PVC) is the most common material for gutters. Gutters from PVC, corrugated galvanized 

steel sheets or iron sheets can be prepared in semi-circular or rectangular shapes (Texas 

Water Development Board, 2005); however, for flat roofs with limited rainwater outlets, 

close gutters can be used as the case in Yemen.   

Collection pipes 

Storage tank 

Rooftops (catchment area) 
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Leaf screen (filtration screen): 

Filtration screen is used to remove all debris and leaves that have gathered on the roofs. 

Such screen usually 0.25 inches mesh screen that should be fit along the length of open 

gutters or at the inlet of the gutters in case of close gutters(see Figure 2-7, a) (Texas Water 

Development Board, 2005).  

First flush device: 

Roofs as open surfaces are a natural collection surfaces for dust, leaves, blooms, animal 

faeces and other contaminants. The first flush device (diverter) helps to divert the first flow 

of rainwater from entering the tanks. First flush device gives the RWH system a chance to 

get rid of the accumulated contaminants or smaller collected contaminants that can‟t be 

removed by filtration screen.  

There are deferent types of first flush device. Figure 2-3 shows PVC standpipe one. The 

device fills with rainwater first, and then allows water to flow through the outlet to the 

storage system. At the bottom of the device is a cleanout fitting, which through it the device 

must be emptied and cleaned out after each rainfall event (Texas Water Development 

Board, 2005).  

Other simple and semi-automatic one (Figure 2-4), could be used just by installing a valve 

at one end of the downpipe while the other end goes to the storage tank. However, when the 

runoff from the roof starts, the first flush valve should be opened for a while to get rid of 

accumulated contaminants, then the valve should be closed allowing the clean rainwater to 

enter the storage tank. Furthermore, first flush can be done manually by moving the 

downpipe away from the tank until the runoff from the roof is clean.   
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Figure 2-3.  Standpipe first-flush device 

Source: Texas Water Development Board (2005) 

 

Figure 2-4. Semi-automatic Method: Simple down pipe first flush device 

Source: Taher and Saleh (2010) 

There are different opinions about the volume of rainwater that should be diverted out of 

the tanks. However, factors such as number of dry days, amount of debris and roof surface 
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should be considered. Diverting a minimum of 10 gallons (38 liters) for every 1000 square 

feet (93 m
2
) of surface is a one rule of thumb for first flush diversion. A study by a RWH 

components vendor in Australia recommends that between 13-49 gallons (49-186 liters) of 

diverted rainwater per 1000 square feet (93 m
2
) (Texas Water Development Board, 2005). 

It is recommended by WHO (1997) that from 5 to 10 minutes or until it run clean as 

diverted rainwater in the first storm of the season. 

Storage Tanks 

Storage tank usually is the most expensive part of RWH system. Storage tanks should be 

adapted to local conditions. The type of the tanks depends on where they will be situated 

and what is the budget. The size of the tanks depends on: The required quantity of water, 

the patterns of both water supply and water demand, dry period, catchment area, personal 

preference and the budget. Practically, ferrocement tanks are the most suitable tanks. Brick, 

block, plastic and metal tanks also other common type of tanks (Sturm et al. 2009). 

Rainwater tanks should be near both supply and demand points as well as near the other 

service points if it will be used for water sources, for example near the driveway if the 

tankers will be used. More over The tank should be located in an appropriate stable level 

pad for away from animals‟ stables, trees and other possible contaminations (Pace 2010; 

Texas Water Development Board, 2005).  

- Fiberglass Tanks 

Fiberglass tanks are built in standard capacities from 50 - 1500 gallon (0.2 – 5.7m
3
), it is 

light-weight and have reasonable price, and it is available in both vertical and low-

horizontal cylinders. Less than 1000 gallons (3.8m
3
) polyethylene or polypropylene might 

be preferred since fiberglass becomes more expensive. Fiberglass tanks have been tested 
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and proved their durability. It can be easily repaired. Fiberglass fittings are integral, 

ignoring one common potential problem of fittings leaking (HarvesteH2o, 2010). 

- Polypropylene Tanks 

Polypropylene Tanks should be stalled above the ground according to its standard, 

available in capacities from 50 -10,000 gallons (0.2-38m
3
) they are inexpensive, durable, 

light weight and long lasting. The fittings are aftermarket modification, and easy to plumb 

(Texas Water Development Board, 2005). 

- Wood Tanks 

For aesthetic appeal, wood tanks are used. Modern tanks are made from pine, cedar or 

cypress. They are lined with plastic and wrapped with steel tension cables. Food-grade liner 

must be used for drinking use (Kloss, 2008). 

- Metal Tanks 

Like wood tanks, galvanized metal tanks are also an attractive option. They are available 

from 150 - 2500 gallons (0.57-9.5m
3
). They are weight and easy to relocate. They should 

be lined with polyethylene or PVC as a food-grad liner, or coated with epoxy paint (Kloss, 

2008). In case of Yemen, metal tanks are mostly used with neither lining nor painting. 

- Concrete Tanks 

Concrete tanks can be prefabricated or poured in place, above or underground. Poured 

tanks are more attractive and easily integrated in to new construction; it can be placed 

under patio or basement. It can be adapted to the site diminutions. Concrete tanks 

considered as a permanent tanks. 

Building concrete tanks required a structural engineer to determine construction details. For 

repairing leaks in concrete tanks, new proved products for potable use are available. 
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(HarvestH2o, 2010). In Yemen the High cost of building concrete tanks is one of its 

disadvantages. 

- Stone and Mason Tanks 

Stone tanks are not as common as they were in developed countries. However they are still 

used in developing countries. In Yemen hand made stone tanks are custom-built and still 

widely used, especially in rural areas. One advantage of stone tanks is that they keep the 

beauty of nature. On the other hand high cost of construction is one of their disadvantages. 

The heavy-weight of stone tank has the advantage of keeping water cool during hot climate. 

Two ways of building its walls have being practiced in Yemen: Soil and water or concrete 

(cement, sand and water) is used for building the tank walls.  Concrete is used for Lining, 

flooring and covering stone tanks. Metal or galvanized steel sheet some times are used as 

covers. 

- In- ground polypropylene Tanks 

In-ground polypropylene tanks are costly because of excavation cost and the cost of more 

heavily reinforced required tank. Soil with high clay content is not commended to be buried 

on the tank; clay has expansion and contraction cycle which may affect the tank. Special 

care of below ground installation is required (HarvestH2o, 2010; Kloss, 2008; Texas Water 

Development Board, 2005). 

Low-cost Options 

 Ferrocement 

Ferrocement tanks are typically built with concrete, but have layers of wire mesh wrapped 

around a framework. Walls can be as thin as 1inch and still be strong. They have the 

advantage of low cost compared to concrete or stone tanks (Kloss, 2008).  
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Historically, Jean Louis Lambot is the first one used ferrocement in 1848, France. 

Nowadays it becomes a common structure in different countries. In Brazil, large cylindrical 

tanks were constructed, some of them with volume of 700m
3
.  

By Moita, et al., (2003), an investigation of the water treatment ferrocement tanks was 

carried out in Minas, Geris, Brazil. It was observed that the construction techniques used do 

not guarantee some geometric parameters, such as constant thickness and voids control. 

Mechanical properties are not homogeneous since it depends on the worker skills, Density 

of murder and condition of drying as well (Moita et al. 2003). 

 Brick cement tank 

 Brick cement tanks have been used in Nicaragua, Ghana and other countries.  Local bricks, 

cement and steel wire are used in such thanks. It is cheaper and easier to be built than 

ferrocement. The volume can be from 0.5 to 30m
3
. It is constructed in circle shape of 

bricks, three rings of steel wire tightened around the first row of bricks, for the up rows two 

rings for each, for more than 2 meter diameter more rings are needed. When constructing 

brick cement tanks, the bigger the volume the lower the cost, Brick cement tank of 1m
3
 cost 

20$ and 6m
3
 cost 40$. Nonetheless, building small tank is advisable before attempting a 

large one (NWP, et al., 2007; Arrakis and Connect International, 2006). 

Appendix (A) illustrates, with pictures, steps of building brick cement tanks, dimensions 

and required materials for different sizes of brick cement tanks have been included as well.  

 Straw mat tanks 

Straw mat tanks are made from double layer of bamboo or strong grass in a cylinder shape. 

Three circles of steel wire are used to fix the straw. Cement, sand and small gravel (if 

available) are used for the bottom of the cylindrical. Mixture from 1 part of cement and 3 
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parts of sand are used for both inside and outside the cylindrical. However steps of 

constructions with pictures are shown in an Appendix (B) 

 Rain barrel 

Rain barrel is one of the simplest RW installations, When small storage is needed barrel 

tank can be used. However, two or more barrels also could be used with overflow linking. 

Valves can be installed as well.(Helmreich and Horn, 2009; Pace, 2010).  

2.3  Rooftop Rainwater Quality 

2.3.1 Introduction 

Water quality is playing a major role in public health improvement. Therefore, protecting 

water resources is essential to protect human health (Rain Foundation, 2008; Luke Mosley, 

2005; Jacobson, et al,. 1996).  

As it is far away from overland contaminations (domestic and industrial waste and pesticide 

runoff) rainwater is considered to be the safest water resource, unless there is atmospheric 

pollutions from industry. The main challenge regarding the rainwater quality for domestic 

use is keeping rooftops and storage tanks free from contaminations. Accordingly, 

appropriate maintenance and operation for RTRWH system are required (UNEP, 2009; 

Texas Water Development Board, 2005)  

2.3.2 Harvested rainwater quality and risks of contamination  

Factors determining quality of harvested rainwater: 

For rainwater or any other water resource, there are three factors that determine water 

quality. The first and most important one is the biological factor followed by the more 

involved chemical factor and the last one is the physical factor. Figure 2-5 illustrates the 

three factors that affect water quality.  
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Figure 2-5. Factors that determine water quality 

Source: Rain Foundation (2008) 

 

System assessment: mapping the risks of contamination: 

Assessment for the whole system of RTRWH is an essential step. Mapping the risks of 

contaminations is considered to be the main objective of the RTRWH system assessment. 

Such mapping help to take the appropriate measures to limit the contaminations which 

should be a preliminary step before thinking about end-of-pipe solutions such as filtration 

and treatment, otherwise re-contamination will occur. By rain foundation (2008) Top-down 

method of preventing contaminations is presented in Figure 2-6. 
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Figure 2-6. Mapping risks of contamination at RWH systems 

Source: Rain Foundation, (2008) 

 

Types of contaminants in rainwater system: 

Common contaminations that could be found in rainwater systems were presented by 

Mosley, (2005). Table 2-1 shows the source risk and applicable mitigation tools of such 

contaminants. 

Table 2- 1. Types of contaminants commonly found in rainwater collection systems 

Contaminant Source Risk / mitigations 

Dust and Ash  Surrounding dirt and vegetation 

Volcanic activity  

Moderate: Can be minimized by regular 

roof and down drain pipe (gutter) 

maintenance and use of a first-flush device.  

Pathogenic 

Bacteria  

Bird and other animal droppings on 

roof, attached to dust  

Moderate: Bacteria may be attached to dust 

or in animal droppings falling on the roof. 

Can be minimized by use of a first-flush 

device and good roof and tank maintenance. 

Heavy metals  Dust, particularly in urban and 

industrialized areas, roof materials  

Low: Unless downwind of industrial 

activity such as a metal smelter and/or 

rainfall is very acidic (this may occur in 

volcanic islands)  

Mosquito Larvae  Mosquitoes laying eggs in guttering 

and/or tank  

Moderate: If tank inlet is screened and there 

are no gaps, risks can be minimized.  
 

Source: Mosley (2005) 

Example of sanitary inspection form for rainwater collection and storage is shown in 

Appendix (C).   
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2.3.3 Appropriate components of RTRWH systems: 

Roofs: 

Different types of roof materials such as concrete, metal sheets, ceramic tiles and Ferro-

cement have been used and considered as suitable materials for RWH roofs (Mosley, 

2005). Probably the most common roofs in Yemen are concrete, cement mortar, ceramic, 

mad and corrugated galvanized steel sheets (Taher and Saleh, 2010). Galvanizing prevent 

steel corroding by coating with zinc compounds. Galvanized steel sheet has the advantage 

of smoothness and less likely to hold contamination (Mosley, 2005). 

On the other hand, metal roofs under the atmospheric corrosion become source of heavy 

metals which effect water quality (Villarreal & Dixon 2005; Luke Mosley, 2005; Rain 

Foundation, 2008). 

In summary contaminations from roofs can be prevented by two procedures (Rain 

Foundation, 2008): 

 Avoiding metal roofs and using non-toxic materials such as Ferrocement. 

 Frequently cleaning (from human, animal and organic matters), removing trees 

branches over roofs and leaves. 

Gutters: 

Gutters as transporters of water between the catchment area (rooftop) and storage tank, 

should be made from non-toxic materials and frequently cleaned. PVC gutter is 

recommended since it doesn‟t rust. Flat areas in gutters retain debris and water; 

consequently these provide a good environment for mosquitoes to breed. Consequently, 

correct installation for gutter is important. Gutter screen may be required at the end of 

gutter (entrance of water) to prevent leaf and other large materials from entering gutter and 

then storage tank. Moreover, first flush device at one end of the gutter should be installed to 
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divert the first contaminated millimeters of rainfall out of the storage tank (Zhu et al. 2004; 

Luke Mosley, 2005; Villarreal & Dixon 2005; Rain Foundation, 2008).  

Tanks: 

Whatever the shape, size or position of the storage tank is, still construction materials, 

covers and types of the storage tanks are important regarding the water quality. Non-toxic 

construction materials should be used as appropriate tanks of Ferrocement, plastic and 

metal. DRWH tanks should be covered from animal, human, and organic matter, as well as 

from mosquito. Covered tank keeps the water away from sunlight to prevent algal growth 

and biological activities. Gaps in storage tank or its inlets should be closed. Such gaps 

allow mosquitoes to enter and exit to and from the stored rainwater which affect its quality.  

It is essential that two taps are used for the storage tanks. The first one is fixed at the base 

of the tank to be used for cleaning the tank and the second one for water use and should be 

installed above the first one. The water use tap should be protected from animals contact 

(Rain Foundation, 2008; Mosley, 2005). 

Whenever the rainwater reaches the tanks, it starts to be improved by several processes 

such as biofilms and sedimentation (Villarreal & Dixon 2005). 

2.3.4 Devices and techniques that further aid in better water quality: 

Filtration screen: 

Using coarse filter keeps out leaves and debris and helps for more improved water quality 

in the storage tank. Entering leaves and other materials to the storage tank will provide 

nutrients for micro-organisms; hence, such undesirable materials shouldn‟t enter the tank. 

Stainless steel and synthetic mesh as coarse filtration screens are simple, inexpensive and 

widely used technology; filtration screen can be installed in the inlets of gutters (Figure 2-7, 
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a). Using a filtration on the top of the tank is an alternative for coarse filters (Figure 2-7, b) 

(Villarreal & Dixon 2005; Luke Mosley, 2005).  

When using top tank filter, fine cloth filter is used. The cloth filter of 2 or 3 layers can be 

tied to the top of a bucket or vessel with bores at the bottom. The rest of the container is 

filled with gravel and sand, the filter should be cleaned after every rainfall event. New 

technologies of the top tank filters made from either aluminum or plastic container and 

have the advantage of ease in removing, cleaning and replacing.  

 

          (a) (b) 

Figure 2-7. (a) Sample Filtration screen and (b) Sample Top tank filter 
 

First flush devices: 

Collected contaminations during dry period can be washed out of the storage tank by using 

first flush devices. Protecting roofs from contaminants and frequently cleaning them are not 

enough to ensure the removal of the all contaminants collected in roofs in dry periods. 

Therefore, first flush device should be installed in the gutter to dispose of the contaminated 

first flush out of the tank (Mosley, 2005). See Chapter (2), section (2.2.1) for more details 

about first flush devices. 
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2.3.5 Methods and measures for ensuring and improving water quality 

Treatment and the local context 

In developing countries, applying water treatment techniques seems to be impractical and 

expensive (Rain Foundation, 2008). Fact sheet “The place of DRWH in water supply 

strategies” developed by Development Technology Unit of the University of Warwick, UK 

[IRCSA website] suggested that: 

…….  

“In terms of organic and inorganic pollutants, untreated rainwater, withdrawn from well-

maintained tanks fitted with inlet filters, is generally well within WHO standards and is 

superior to most groundwater. Microbiological contamination (indicated by levels of 

E.coli) is in the "low risk" category of WHO water quality standards, surpassing the quality 

of most traditional water sources and many improved sources. Such contamination falls 

further with storage. No additional treatment is usually needed. However if higher quality 

water is required, standard household treatments such as boiling, chlorination or solar 

disinfection (SODIS) are effective on stored rainwater.” 

 

 Treatment and filtering methods  

Some treatment and filtering techniques have been recommended by Rain Foundation, 

(2008), chlorination, silver coated ceramic balls as substances to be added to the water as a 

treatment process. Ceramic pot and bio sand as filters, boiling and SODIS are 

recommended as well. However, disinfection by adding chlorine for rainwater collection 

system is widely recommended, but misuse of such chemical material by users is 

considered to be dangerous. For this reason chlorination of tank is suggested if one or more 

of the following situations happened (Mosley, 2005): 

 Faeces or an animal has entered the tank, 
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 Out of water testing, unknown bacteria has been identified, 

 Getting someone sick after water drinking or, 

 If it is not feasible to completely empty the tank for cleaning.  

Otherwise filters seem safer and much easier to be used by citizens. 

Lifestraw Filters: 

Worked under the gravity, lifestraw is a cheap purification technology used where the lack 

of access to clean water existed. There are two types of lifestraw filters, the personal and 

family one. 

 Lifestraw “Personal”: 

Lifestraw personal is a light filter that can be carried easily. Cost around $ 3.5, lifestraw 

personal has the total life of 700 liters which could be used for several months. It 

demonstrated (log6) efficiency in removal of waterborne bacteria and (log2) against 

viruses. When maintenance is needed either cleaning or replacement are required (Peter-

Varbanets, et al., 2009; Schaefer, 2008; Yujuico,et al., 2010).   

 Lifestraw “family” : 

Bigger than the personal one with the total capacity of life 1800 liters (Figure 2-8), 

lifestraw filter cost is around $ 40. As maintenance daily back flushing is used, the first 

assessment was carried out by the University of Arizona. The result showed stable 

operation with high efficiency of bacteria and viruses removal (Peter-Varbanets, et al., 

2009; Schaefer, 2008; Yujuico,et al., 2010).  
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Figure 2-8. Lifestraw  “family” 

                  Source: Lifestraw (2010) 

(Peter-Varbanets et al. 2009) showed that among several filters lifstraw is located in the 

range of affordability. Lifestraw has the ability to remove 99.9999% (>log6) of bacteria, 

99.99% (>log4) of viruses and 99.9% of waterborne protozoan parasites (Lifestraw, 2010). 

Silver Filters: 

Colloidal silver impregnated Ceramic Filter (SICF) known as SF or Potters for Peas (PFP) 

as a nonprofit organization promote such filters. SF was developed in Central American 

industrial research institute, Guatemala in 1981 and promoted by Potters for peace a 

member of WHO networks (Lantagne 2001a; AL-Nasiri 2010). 

Low cost filter is widely spread in different countries around the world. It provides potable 

water for poor communities who have limited access to clean water. SF efficiently removes 

nearly all bacterial indicators (Lantagne 2001a; AL-Nasiri 2010) .  

A study conducted by (Bielefeldt et al. 2009) installed six SFs in six points of use (POU) 

for four years. The study proved that the Initial disinfection efficiencies ranged between 3-
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4.5log. Water spiked with 10
6
 CFU/Ml of Escherichia coli was dosed to the filters. More 

subsequent batches of water affected the results. 

Contracted by United States Agency for International Development (USAID), Jubile House 

Community studied SF in September 2001. The study proves that because of the small pore 

sizes in SF, it can remove E-Coli and total coliform even without colloidal silver. But total 

removal up to 100% required colloidal silver.  SICF efficiently removes 100% of total and 

fecal coli form even after seven years of its working. The study also proved the efficient 

removal of bacteria but not viruses (Lantagne 2001b).  

2.3.6 Yemeni Silver Filter Factory: 

In 2007 SF Factory was established with only one sale point in Sana‟a. Silver Filter (Figure 

2-8) has being sold widely to villages supported by several organizations such as German 

Technical Cooperation (GTZ), SFD, United Nations International Children‟s Emergency 

Fund (UNICEF), World Bank (WB) and CARE international. SF is produced from local 

materials with flow rate of 1.5-3 liters per hour. SF Can remove 100% of total coliform, 

fecal coliform and E-Coli but not viruses (Silver Filter, 2010; Lantagne 2001a; AL-Nasiri 

2010). 

 
Figure 2-9. Silver Filter 

Source: SF (2010) 
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2.3.7 Hygienic practices and its importance: 

Supplying high water quality means nothing in the absence of hygienic practices. Hygiene 

education and monitoring operation and maintenance of the rainwater system with sanitary 

practices is considered to be an integrated important package for supplying clean water. 

Awareness plays an important role in educating users of treatment methods and giving 

guidelines in operating, managing and maintaining RWH systems (Rain Foundation, 2008). 

2.4 History of Water Harvesting 

Thousands of years ago, people in arid and semi-arid areas have used harvested water for 

the development of cities. First WH system in history was constructed in MENA region. In 

Jordan it is believed that WH structures have been constructed over 9000 years ago. In 

southern of Mesopotamia in Iraq simple WH techniques were used as early as 4500 Before 

Christ (BC) (Prinz, 1996; Oweis et al. 2001).   

2.4.1 History of water harvesting in Yemen 

Throughout history Yemen depended on collecting rainwater in cisterns, and dams to cover 

the demand during the draught season (AL-Mujahed, 2010).  

In south Yemen, Tawila Tanks (Figure 2-10), located in the hills at the western edge of 

Crater District, are a collection of pre-historic rain water tanks. Tawila system has channels 

that capture rainwater runoff from the nearby mountains. Tawila system is dated back to 

around 1,500 BC and represents probably the oldest element in Aden‟s cultural heritage 

and Yemen. As well as in the other part of Yemen (North of Yemen), a system dating back 

to at least 1,000 B.C. diverted enough floodwater to produce agricultural products (Prinz, 

1996; Taher and Saleh, 2010).  
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Figure 2-10. Tawila RWH tanks, Aden 

Source: Taher and Saleh (2010) 

 

In Yemen, ruins of dams and reservoirs as well as the unique, spectacular mountain 

terraces, confirm the long history of WH. Marib dam in north Yemen was a floodwater 

diversion technique (Prinz, 1996). The great historical Marib dam and its collapse are 

mentioned in the Holy Quran. Recent archaeological excavations discovered ruins of 

irrigation structures around Marib city dating from the middle of the third millennium BC 

(some 4000 years ago). Farmers in this same area are still irrigating with floodwater, 

making the region perhaps one of the few places on earth where runoff agriculture has been 

continuously used since the earliest settlement (Bamatraf, 1994; Centre for Science and 

Environment, 2005).  

Recent studies in Yemen indicate that the villagers in the mountainous areas know RWH 

systems since hundreds of years. They use harvested water for different purposes starting 

from drinking purpose to supplementary irrigation. Old local manufactured materials such 
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as Kadhadh1 are used to build the cisterns. Such material proved its resistance to all 

environmental changes (Taher, 2003; AL-Mujahed, 2010). 

Up to seventeen several traditional methods of RWH have been used by Yemenis such as 

terraces, dams, AL-Berak AL-Asadiah2, AL-Kohoof3, Karifs4, rock bound and AL-Seegayat 

(cisterns) are some of the traditional methods of RWH used by Yemenis. Some pictures for 

such techniques are shown in Appendix (D). 

In the recent years, SFD is the only institution that has good experience in WH, started to 

rehabilitate RWH structures and develop new structures. In 2006, RTRWH projects have 

been piloted in two villages in Taiz and Hajah governorates. Consequently, the policy was 

developed and the RTRWH projects have been expanded throughout the country. 

In level of households SFD has implemented 99 projects of RTRWH in the period of 2007-

2009. A total of 8381 tanks with total capacity of 476852 cubic meters is the result of these 

projects. The total cost of the projects is 24.5 Million united state dollar (MUS$). Most of 

these projects are located in rural areas while some are located in the pre-urban area of Taiz 

governorate (AL-Mujahed, 2010).  

There are many reasons why the RTRWH projects are concentrated in rural areas rather 

than urban, among them are: 

 3/4 of the population is rural,  

 The water needs is much higher in rural than in urban,  

                                                           
 
 
1
Kadhadh: is a traditional sealing material composed of a mixture of burnt lime stone, sand or volcanic ash, 

and water.  
2
 AL-Berak AL-Asadiah: Water pounds built from stone masonry and clay for RWH. 

3
 AL-Kohoof:  Natural underground holes used as underground rainwater tanks. 

4
 Karifs: are natural or manmade depression in impervious soil used for storing water 
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 The rural population is scattered which makes it difficult to serve with conventional 

systems of General Authority for Rural Water Projects (GARWP). The population 

scattered make the RWH and RTRWH in particular a perfect solution.  

 The policy of the RTRWH requests the homogeneity of the community which will 

insure the inclusion of poor families, as the policy states that the community shall 

identify the poor families and agree to support them in building their cisterns. 

However this condition isn't available in urban areas.  

For 2011, SFD is going to pilot RTRWH in Taiz city with the cooperation of Taiz Water 

and Sanitation Local Corporation (TWSLC). The pilot project is going to be implemented 

in areas served by the public water network (AL-Mujahed, 2010). 

2.5 IWRM, RTRWH and Sana’a Basin 

2.5.1 IWRM and water management 

According to Global Water Partnership (GWP) (2000), IWRM is “a process which 

promotes the co-ordinated 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”. 

IWRM is an appropriate approach to water management. It has been accepted globally as 

the way of efficient, equitable and sustainable development and management of the limited 

water resources. However, achieving sustainable development management of the whole 

water sources including the renewable WH source required three factors (Figure 2-11) to be 

taken into consideration (UNDP, 2009; GWP, 2000). Below are the factors: 

 Ecological sustainability, 

 Economic efficiency and 
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 Social equity.  

 

Figure 2-11. General framwork of IWRM 

Source: GWP, (2000) 

2.5.2 Three Phases of IWRM in Sana’a Basin 

In 2003, Yemen started a long term process of IWRM in Sana‟a basin where the water is 

scarce. Through three phases, 15 years were selected as a timeframe of IWRM process. 

However, on May 30-31, 2010 an Action Oriented Policy Paper (AOPP) evaluated the 

achievements and the challenges of the first implemented phase. AOPP also recommended 

the preparation of the second phase of IWRM covering 5 years period (2011- 2015) (Ward, 

et al., 2010). 

Proposed IWRM goals and Phase II outcomes: 

An action Oriented Policy Paper conference discussed the following water resources 

management objectives for IWRM in Sana‟a basin (Ward, et al., 2010): 

1. Affordable safe water for domestic and industrial use, with the deep Tawilah 

sandstone aquifer which should be reserved for this purpose, 
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2. Sustainable farm incomes in “greenbelt” areas reserved for farming 

3. Any transfer of water between uses should be done on a win-win basis without any 

uncompensated harm 

4. Sustainable governance institutions and agencies for integrated water resource 

management (IWRM) 

2.5.3 RWH, activities of IWRM phase II 
Rainwater Harvesting activities at the west and southwest sub basins have been stated as 

activities of IWRM phase II.  National Water Sector Strategy and Investment Plan 

(NWSSIP) and SWSLC have been pointed out as responsible bodies of the implementation. 

A number of rainfall harvesting projects completed within the Sana‟a basin that can store 

up to 500,000 m
3
 per year in 2015, stated as an output of the WH activities. Rainfall 

harvesting projects start to be a popular solution to face water scarcity in Sana‟a basin is the 

final indicators that ensure the successful implementation of the WH activities. 

2.5.4 RTRWH emphases IWRM in Sana’a Basin 

Besides using it as safe water, RWH, as a significant tool under the umbrella of IWRM, 

yields numerous environmental social and economical benefits. RWH can contribute 

significantly to poverty alleviation and sustainable development (Bancy, et al., 2005). 

The public awareness program, authorized by National Water Resources Authority, Sana‟a 

Branch (NWRA-SB) during the first phase of IWRM, will continue in the second phase. 

Annual budget of USD 150,000 has been allocated for the program. However, RTRWH 

from houses and public buildings has been sated as a one key emphasis area in this program 

that linked to decentralized IWRM and technical conservation measures (Ward, et al., 

2010). 
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2.6 RTRWH in Urban Areas 

Accelerated development and increasing water demand in urban areas are putting stress on 

existing water resources (Villarreal and Dixon, 2005). Sustainability of urban future 

requires an efficient and appropriate water use. RWH has an essential role in this task. 

Roofs in urban cities represent a significant percentage of the large impermeable areas. 

Hence, offering a good possibility of rainwater collection (Villarreal and Dixon, 2005; 

Abdulla and Al-Shareef, 2009). 

for the sustainability of the RTRWH in urban areas, developing the ownership and skills 

through cooperation between the government, the private sector (NGOs and Scientists) and 

the urban households is required (Figure 2-12) , all stakeholders should be involved in all 

phases of planning, designing and implementing  of RTRWH projects. Stakeholders‟ 

consultation and public participation consider as a key to negotiate positive and negative 

points (UNEP, 2009; Mwenge Kahinda, et al., 2007). 

 

Figure 2-12. Cooperation between all the stakeholders 

Source: Adapted from (Mwenge Kahinda, et al., 2007) 
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2.7 Previous Studies 

In different countries, it has been reported that RWH can promote significant water saving, 

reduce the water shortage and used for drinking purposes.  

(Villarreal & Dixon 2005) carried out a study in Ringdansen, Norrkoping, Sweden. 

Rainwater reservoir storage model has been used, moreover, four main scenarios for 

different domestic rainwater uses have been considered.  The study showed that RWH will 

give an important water saving efficiencies. However rainwater tanks should be included as 

a part of dual water supply solution.  

(Handia et al. 2003) carried out a study to assess the potential of RWH in urban Zambia. It 

showed that rainwater is suitable for drinking purposes. Most of the residents express their 

interest in RWH but they were concerned with its taste and debris.   

A RTRWH study analyzing 27 houses in Newcastle Australia, gave the result of 60% as a 

potable water saving (Coombes, et al., 1999 as cited in (Abdulla & Al-Shareef 2009).  

Another study performed by Ghisi, et al. (2006) as cited in (Abdulla & Al-Shareef 2009), 

showed that by using RWH for 62 Brazilian cities the potential of water saving ranged 

from 34%-92% with an average of 69% of water saving potential. 

A study in Germany by Herrmann and Schmida (1999) as cited in (Abdulla & Al-Shareef 

2009), showed that the potential of potable water saving in houses vary from 30% to 60%, 

water demand and roof areas are the main factors that affected this percentage.  

A study in Jordan showed the result ranged from 0.27% to 19.7% as the potential of 

potable water saving in 12 governorates. Rainwater sampling indicated that the measured 

inorganic parameters met the WHO standers for drinking water while fecal coliform as an 
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important indicator, exceeded the maximum allowable value of drinking water (Abdulla & 

Al-Shareef 2009).   

(Sturm et al. 2009) study of RWH as an alternative water resource in rural areas in central 

northern Namibia presented the fact of reasonable, sustainable and effective way of 

applying decentralized techniques of RWH in areas like Epyeshona. Ferrocement and block 

tanks have proven to be the most efficient options among other alternative of tanks. Both 

types are affordable by users and economically feasible. 
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CHAPTER THREE 

STUDY AREA 
3.  

3.1 Location 

Sana‟a basin, with 22 sub-basins, is a highland located in the western part of Yemen and in 

the central part of Sana‟a governorate (Figure 3-1) with an area about 3200 square Km 

(24% of Sana‟a governorate) (World Bank, 2003; WEC, 2001).   

 

Figure 3-1. Sana'a Basin 

Source: JICA (2007) 



 37  

 

 
 

3.2 Population 

Sana‟a basin is one of the most heavily populated areas in Yemen. The location of the 

national capital in the basin, strongly contribute to the high population growth (5.55% 

according to 2004 census). Using the forecast from 2004 census Sana‟a city population in 

the year 2014 will be 3 million, for the rest of the basin (rural areas) it is estimated to be 0.5 

million, in total the Sana‟a basin population in 2014 will be 3.5 million. Population density 

over the basin especially Sana‟a city, is shown in Figure 3-2. 

 

Figure 3-2. Population density, 2004 
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3.3 Geomorphology 
Sana‟a basin has a significant variation in its altitude; the highest point of the basin is 

located in (Jabal An Nabi Shuayb) with an elevation of 3700 m.a.s.l, whereas the lowest 

point with an elevation of 1900 m.a.s.l is located in Wadi Al-Karid.  However, the mean 

altitude of the basin is about 2300 m.a.s.l (AL-Suba‟I and Barat, 2006). Digital elevation 

model (DEM) of the basin is with 30m resolution is shown in Figure 3-3 

 

Figure 3-3. Digital elevation model (DEM) 
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3.4 Geological of the Basin 

Sana‟a basin geology has not yet been studied structurally in details; nevertheless, there are 

limited studies that depend on seismic and drilling information. Sana‟a basin is close to an 

active and complicated structural trends, which they control the formation of the Sana‟a 

basin. Sana‟a basin is incurred to different tectonic trends of both extensional and 

compressional regimes. However, extensional regime considered to be the most dominant 

structures has covered all old structures (Hydrosult, 2010). Geological map (Figure 3-4) by 

GAF, (2007) shows the compiled structural features according to their hydrogeologcal 

relevance. The following are some description points for the main features in the map: 

 The Tawila Sandstone is the most important aquifer, it has a good recharge 

potential 

 Lower Teriary Basilt is a fractured aquifer with a hydraulic connection to the 

underlying Tawila sandstone, this also make it a potential aquifer for recharge. 

 Upper Tertiary and Quaternary Basalts have good aquifer properties. However the 

composition of the rock is heterogeneous and groundwater flow and storage seem 

to be complex. 

 Alluvium is a poor aquifer with a limited recharge capacity. But the recharge can 

take place along foot of the slops and wadi courses. 
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Figure 3-4. Geological Map, Sana'a Basin 

Source: GAF (2007) 
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3.5 Land use: 

Qat and grapes crops are more dominant among other crops. GAF, 2007 concluded that 

91% of the irrigation acreage is covered by these two crops. Furthermore, Qat and grapes 

are dominant cash crops. Table 1-3 illustrates the cropping pattern characteristics in the 

basin. 

Table 3- 1. Cropping pattern 

Crop Acreage (ha) Percentage % 

Qat 11471.5 3.5 

Grapes 5814.3 1.8 

Irrigated mixed crops 1554.3 0.5 

Rainfed crops natural/ vegetation 18498.7 5.7 

Orchard 113.1 0.03 

Other land 286518.2 88.4 

Total 3239768376 100 

Source: GAF 2007 

3.6 Temperature, Humidity and Wind 

The average temperature in Sana'a recorded by National Water Resources Authority Station 

(NWRA-A) is showed in Figure 3-5. The hottest season is between June and August, while 

the coldest season stars from November and end in February. 

 
Figure 3-5. Monthly Temperature (NWRA-A, 1989-1997) 

Source: JICA (2007)  
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For Sana‟a basin, Table 3-2 shows records of the meteorological data of the temperature, 

relative humidity and wind speed for the period 1983-1990. 

Table 3- 2. Meteorological data (means of 1983-1990) Sana’a, CAMA (Civil Aviation and 

Meteorology Authority) 

months Mean Temperature (oc) Relative Humidity (%) Wind Speed (m/s) 

Jan 12.9 46.3 2.8 

Feb 16.8 49.9 2.7 

Mar 19.1 49.9 3.2 

Apr 19.6 57.8 4.4 

May 21.9 43.8 3.8 

Jun 23.5 41.0 4.8 

Jul 24.0 35.8 4.6 

Aug 23.5 47.7 4.3 

Sep 21.4 39.4 3.2 

Oct 18.5 38.7 2.9 

Nov 15.7 39.5 2.4 

Dec 13.0 39.4 2.8 

Source: Hydrosult (2010) 

3.7 Precipitation 

Rainfall in Sana'a is recorded at NWRA-A station for separated years. Table 3-3 shows the 

rainfall for the years 1990 – 2003 with some gaps. Rainfall in Sana'a is ranged between 110 

– 350 mm/year. The tow rainy seasons are between March to May and July to September.  

The rainfall distribution over the Sana'a basin is shown in Isohyets map Figure 3-6. The 

north eastern basin has less than 200 mm/year of rainfall while the southern part has more 

than 300 mm of annual rainfall. However the central of the basin, where Sana‟a city is 

located, has between 200 – 250 mm/year. 
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Table 3- 3. Monthly rainfall NWRA-A 

Source: Hartong and Kariuki (2008); Taher and Saleh (2010) 

3.8 Evapotranspiration  
 Robertson (1990) cited in JICA (2007), had estimated the potential evaporation by penman 

method with an average of 2000 mm annually. SAWAS, (1995) cited in JICA (2007) 

estimated the potential of evapotranspiration to be 2475 mm based on meteorological 

statistics. 

The maximum evapotranpiration was estimated in June (average 9.4 mm/day) and the 

minimum in February (4.8 mm/day)  

Based on satellite imagery analysis GAF (2007) estimated evapotranspiration with the total 

of 113.1 MCM of water transpired in Sana'a basin during the period 1 July 2004 to 30 June 

2005. An amount of 83.8 MCM was assigned to irrigated fields surfaces whereas 29.3 

MCM of water were evapotranspired from crops or natural vegetation surfaces (GAF, 

2007) 

 

 

Type 

of year Year 
Months 

Annual 
1 2 3 4 5 6 7 8 9 10 11 12 

1990 0 2.5 40.5 19 3.5 0 31.5 2 25 0 0 0 124 

Mini 

Year 1991 0 5.5 45 11 11.5 0 2.5 35 0.5 0 0 0.5 111.5 

Max 

Year 1992 2.5 0.5 20 20 64.5 3 10 140 24.5 26 0 39.5 350 

 1993 2.5 9 13.5 83 79.5 6 3 25 30.5 1 45 19 316.5 

 1997 5.5 1.5 14.5 29.5 7.5 2 12.5 33.5 0 60.5 34 1 201.5 

 1998 0 0.5 8 19 68.5 0 63 176 0 0 6.5   341 

 2000   0.5 8 30 57.5   9 58.5 2.5 16 2.5 146 330 

Median 

Year 2001 29 108 31 13 1 0 49 21.5 21 22.5 7 1 303 

 2002 0 0.5 8 1 1 0 49 21.5 21 22.5 0 0 124.5 

 2003 0 0 10.5 52.5 12.5 0.5 0 0 0 3 2 146 227 

Ave 

year  4.33 12.80 19.90 27.80 30.70 1.28 22.95 51.20 12.50 15.15 9.60 39.17 243 
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Figure 3-6. Annual rainfall Isohyets map for Sana’a basin, after BGR (2004) and JAF (2005) 

Source:  GAF (2005) cited from BGR, 2004 
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3.9 Water resources 

3.9.1 Surface water 

44 surface dam, 24 dams/pools and 145 springs are surface water used for recharging 

groundwater, irrigation and domestic purposes. Most of the dams (Figure 3-7) are 

constructed for ground water recharge. A number of 15 dams are used for irrigation and 

another 3 dams are used for domestic uses. 15 small-scale dams built by rural people are 

mainly used for irrigation. However the total annual flow of the dams is 24 MCM. Springs 

(Figure 3-8) also are used for different purposes, 34% of them (49 springs) are used for 

domestic uses in rural areas, and the rest are used for irrigation and livestock. About 6-9 

MCM was estimated as an annual yield of the springs (Hydrosult, 2010, JICA, 2007).  
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Figure 3-7. Locations of Dams 

Source: JICA (2007) 
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Figure 3-8.  Locations of springs 

 

Source: JICA (2007) 

3.9.2 Groundwater 

3.9.2.1 Ground water recharge 

Since 1970s, different studies have estimated the amount of groundwater recharge which is 

ranged from 28-63 MCM annually, the latest estimation by Norman and Mulat (2007), 

cited in JICA (2007) was 50.7 MCM. 

3.9.2.2 Ground water uses 

I. Domestic water use 

1) Urban water supply 

Whether public or private water supply, groundwater is the main source of water for 

different urban uses (domestic, non-domestic, industrial and touristic uses).  
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 Public water supply  

Sana‟a city is the urban area in the basin. It has three main well fields that have being used 

for water supply. SWSLC drilled about 130 wells in these fields, 80 well have been 

operated while the rest have been stopped due to the groundwater level dropped. Water 

supply is increased by 27% from 1998-2006, number of wells has been increased as well by 

39%. In 2005 it is reported that 24.4 MCM is the production amount of water, 12.5 MCM is 

billed for domestic consumption for 672,141 inhabitants with average consumption of 50.8 

l/d per person (JICA, 2007). 

 Private water supply 

For the population not connected to the public network, private water sources are used, 

namely private piped network, water tankers (as sole/main source or as supplementary 

sources) and treated water in containers. From private water sources Sana‟a city received an 

amount of 29.89 MCM as estimated in 2005. It covers 1,169.421 inhabitants with an 

average consumption of 70 l/d per person (JICA, 2007). 

2) Rural water supply 

WEC, (2001) carried out the estimation of water consumption; in rural areas the 

consumption of 21 l/d per person was estimated. General Authority for Rural Water Supply 

Projects (GARWSP), the responsible body for rural water supply, adopted an average of 40 

l/d as daily consumption in rural areas. JICA, (2007) used The last estimation in order to 

calculate the total rural water supply which was estimated to be about 4.40 MCM in the 

year of 2005. In rural areas surface water from springs and some dams are being used. 

However, according to the NWSSIP, the percentage of rural population with access to safe 

water accounts only to 25% for entire Yemen.  When applying this rate for Sana‟a Basin in 

the year of 2005, only 1.1 MCM of water is abstracted to serve the rural population through 

the public water supply systems.   
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II. Irrigation water use 

With an irrigation water efficiency of 40% the annual water abstraction for irrigated area 

was estimated to be 209.2 MCM in 2005 (JICA, 2007).  

III. Industrial and touristic water uses 

Water use for both industrial and tourism sectors was estimated to be 4.76 and 0.36 

respectively (JICA, 2007). However, industrial and touristic activities are in urban areas 

(Sana‟a city) where ground water is used for such activities. 

3.10 Water balance in Sana’a basin 
Water balance in Sana‟a basin was calculated by JICA, (2007) based on the previous data 

of water resources and water uses. Table 3-4 illustrates the calculation of the water balance 

for Sana‟a basin for the year 2005. Water balance calculations are based on the ground 

water abstraction for different uses and groundwater recharge.  

Table 3- 4. Water Balance in Sana’a Basin (2005) 

Urban water 

use* 
Rural 

water 

supply 

Irrigation Industry Tourism Total Recharge Balance 

Public Private 

24.4 29.9 1.1 209.2 4.76 0.36 269.7 50.7 -219 

*: It is composed of both domestic and non-domestic 

  Unit: million cubic meter 

Source: JICA (2007) 

From the table above, the abstraction is six times of recharge with a deficit of 219 MCM 

per year.”If these annual amount is accumulated, non-renewable water resources will 

continue to be depleted” (JICA, 2007).  
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CHAPTER FOUR 

METHODOLOGY 

4.  

4.1 Introduction: 

To fulfill the study objectives, especial methodology should be followed. The study type, 

objectives, type and reliability of required data, study area characteristics and required tools are 

some factors that determine the methodology of the study. In this study whether for desk or 

field works different steps have been followed. Starting with summary, this chapter 

discussed the study methodology in details. 

Methodology Summary: 

To achieve study objectives the following methodology is applied. 

 Relevant data about the study area have been collected; previous studies and 

literature review related to Sana‟a basin and Sana‟a City have been studied as well.  

 Social Fund for Development is visited many times in order to get an overview 

about their experience in the field of WH. As well as Ministry of Water and 

Environment (MWE), NWRA, NWRA-SB, SWSLC, and other institutions have 

been visited whether for Key informant interviews or collecting related data. 

 Conduct two types of interviews; Key informant interviews and household 

interviews. Presenting the study proposal followed by unprepared open ended 

questions were the main two steps of the Key informant interviews while three 

forms of prepared questions have been conducted to cover three deferent types of 

the public interviewees. The samples size was estimated to be 114 questionnaires; 

however the study has conducted of 119 interviews, covering different sites in the 

city.  
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 Conduct water quality surveys through collecting and analyzing six samples of 

rainfall, four samples of them were from existing RTRWH systems.  

 ArcGIS and AutoCAD programs have been used to digitize 2009 satellite image of 

Sana‟a and combine it with annual rainfall isohyets map. The city is divided into 

three zones according to rainfall density. Rational method then used to calculate the 

potential quantity of rainwater that can be harvested from the rooftops of Sana‟a 

city.   

 Matrix for the selection process of tanks types has been developed based on the 

factors of  cost, required capacity and space area availability 

 Dried-up wells, ponds, check dams, and unused cesspits have been evaluated and 

identified as other possibilities of RWH. Different suggested techniques of 

rehabilitation were stated in order to get use of dried-up unused wells through adapt 

them to recharge wells. According to the type of dried-up wells, different options of 

ground filters have been illustrated by sketches. AutoCAD program has been used 

to draw cross sections of filters. 

4.2 Rooftops Runoff calculations 

There are different methods used for runoff calculation. The rational method is the most 

popular method for calculating rooftops runoff that generated from the rainfall. Moreover it 

is mostly preferable for designing the systems in urban areas. This method is unanimously 

used with all RTRWH studies reviewed in calculating the roof top surface runoffs  

Rooftop runoff can be calculated by rational method as follows: 
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Q = 0.278 CIA               ………………………………………………………….Eq 1                                                                                           

Where: 

Q: runoff rate (m
3
/sec)  

C: runoff coefficient. 

I: rainfall intensity (mm/hr)  

A: catchment area (km
2
)   

4.2.1 Rainfall data, collection and analysis 

Rainfall data for 16 Rainfall stations were collected from two sources, NWRA and 

NWRA–SB. The rainfall records are not complete since big gabs of missing data were 

existed.  

Rainfall in Sana'a basin has time and space variable of distribution. Sana'a airport station is 

the only station that had more than 30 years complete data with some gaps in some months. 

Some stations had major gabs and some of them only had a few years of data (World Bank, 

2009). Figure 4-1 shows how the lacks of measurements are included in NWRA-A station. 

 Lack of financial and the technical support were reported the major reasons for such of 

gaps in the rainfall data. The fine temporal resolution of rainfall is very limited. 5 minute 

rainfall data were found for only eight stations, where the zero values were recorded in the 

most of the time series.  
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Figure 4 - 1. Annual Precipitation (NWRA-A) 

Source: JICA 2005 

Rainfall data from NWRA database have several data problems such as accumulation of 

data over several days recorded as a daily rainfall, repeated data and confusion between no 

data days and zero rainfall. No spatial correlation of rainfall data was found (World Bank, 

2009).  

Because of the uncompleted and missing rainfall data, it was too difficult for the city to be 

divided into zones according to the rainfall stations. As a result isohyets map of the annual 

rainfall for Sana'a basin (Figure 3-6, Chapter 3) have been used. Located between the equal 

rainfall lines of 195 mm/year and 265 mm/year Sana'a city is divided to three zones namely 

north, middle, and south zone. Table 4-1 shows the annual rainfall for the three identified 

zones. 

Table 4 - 1. Three rainfall zones of Sana’a city 

zone South Middle North 

Rainfall (mm/year) 190-215 215-240 240-265 
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4.2.2 Rooftops area calculation: 

Based on 2009 satellite image, Sana'a city rooftops areas have been calculated. Deferent 

programs were used in such calculation. Starting with ENVI software, supervised 

classification method is applied. Several training data have been created, at the same times 

different methods of enhancements under supervised classification have been used. As a 

result Sana‟a city is classified. However the outputs of the program were not enough to 

make a good separation for different objects including the rooftops.  

In all attempts, none of the output thematic maps correctly detects and separates rooftops 

from other objects. Equal color for different objects (e.g. mad roofs and mad roads) 

considered as the main reason. 

AutoCAD 2007 program then has been used to produce the digitizing map with thousands 

of boundaries. Figure 4-2 shows part of the final output of digitizing map. These 

boundaries have been drawn one by one in order to cover the whole city and classify the 

rooftops from other objects in the city. Figure 4-3 illustrates the final output digitizing map. 

 

Figure 4 - 2. Part of the final output of digitizing map, Sana’a city 
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ArcGIS desktop software then used. Digitizing map as an output of AutoCAD program is 

inserted to ArcGIS program in order to make a combination of digitizing map with isohyets 

map. Such combination helps to divide the city to three zones according to the equal 

rainfall lines. ArcGIS has the tool to divide the city into zones and calculated the total 

rooftops areas in each zone. 

 
Figure 4 - 3. Sana'a digitizing map 

 



 55  

 

 
 

4.3 Rooftop Rainwater Samples: 

4.3.1 Introduction  

“Rainwater collected from clean house roofs can be of better microbiological quality than 

water collected from untreated household wells” (WHO, 1997). Nevertheless, using 

rainwater for the purpose of drinking required sampling and testing with special care of the 

necessary requirements. Containers type, sample volume, time constraints for return of 

samples are essential factors to be taken into consideration. Accuracy of testing results 

primarily depends on the accuracy of the sampling and storing ways. Since concentration of 

parameters can change over time, the requirements of collection and storing of the sample 

depend on the parameters that are needed to be tested. 

4.3.2 Rainwater Sampling:  

Six samples have been collected and tested at the end of rainy season with difficulties such 

as, time constraints , in appropriate roofs and tanks, along with the absence of RTRWH 

idea among citizens,. Figure (4-4), shows sampling locations. 

Samples were tested in two different laboratories. In NWRA-SB laboratory the first four 

samples are tested without turbidity results. The fifth and sixth samples are the only 

samples tested at SWSLC laboratory and they are the only samples which have turbidity 

results. For other reason the first two samples have no biological results. 
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Figure 4 - 4. Rainwater sampling locations  
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The first and second samples were collected from the Al-Sabain district and WEC, Sana‟a 

University in two consecutive days. The samples were collected from the gutters during the 

rainfall events. For those two samples, physical and chemical parameters have been 

analyzed. 

From the down pipe of the cleaning gutter the third sample was taken from RWH system in 

AL-Qader Massjed. Located in AL-Sonaina. AL-Qader Massjed has a ceramic roof 

connected to the underground concrete tank by PVC gutter. The first flush has not been 

used since the system has no first flush device. The tank is used for both harvested 

rainwater and water provided by tankers. As a result of this mixed water and the difficulties 

of reaching the main gutter inside the tank, the sample has been taken from the other gutter. 

However the second gutter (where the sample is taken) is located in the lowest point of the 

roof and used for cleaning (Figure 4-5). In this sample physical, chemical and biological 

parameters have been tested. 

 

Figure 4 - 5.  The place of sampling (cleaning gutter), Massjed AL-Qader  
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The fourth sample has been collected from a private owned multi-roof building located in 

Hail Street. The building has a different unit with different levels of corrugated galvanized 

steel sheets and concrete roofs. RWH techniques are used. Different levels of roofs made 

from different materials are connected to each other ending with one outlet (gutter). The 

first rain in the beginning of the rainy season or after a long period of dry days goes to a 

small garden as a first flush; from the next rain the gutter located over the garden is 

connected by tube pipe to the underground concrete tank. Like the previous sampling the 

sample has been collected from the gutter since the tank is used for rainwater and water 

from other source (public network or tankers). Physical, chemical and biological 

parameters were tested. 

After more than 10 days of rainfall, the fifth and sixth samples were collected from RWH 

systems implemented by SFD in two different schools. Akwan Thabt and Aminah Bent 

Wahb schools are located in different places in Sana‟a; namely AL-Asbahi and West of 

Rodah. The schools use the technique of Ferrocement as harvested rainwater tanks 

connected to ceramic roofs by PVC pipes. The roofs are not clear (see Chapter 5, Figure 5-

12) 

Moreover first flush is not being used. In fact, In Akwan Thabet School the sample has 

been taken from the tap after it is pumped from a ferrocement tank to the top surface steel 

tank. In Aminah Bent Wahb School the sample was collected after it was pumped from the 

direct outside pipe. 

4.3.3 Constraints of Sampling:  

Before judging the sampling results, different parameters should be applied. During rainy 

season, the right way of sample collection along with the temporal and spatial distribution 



 59  

 

 
 

of the samples to cover the study area is an important step to judge the harvested rainwater 

quality and its uses. Furthermore, samples as a representative should cover different 

systems depending on the type and size of tanks, roofs and gutters. Below are some of the 

constraints and obstacles of sampling: 

 During the study there were only two days of rainfall events separated by a long 

period of dry days, 

 Difficulties of preparing appropriate roofs and empty tank. All existing ground and 

underground tanks are used for storing water whether from the public network or 

from tankers. As a result waiting for an unknown date of rainfall days during the 

research period didn‟t help in the preparation of appropriate roofs and empty tanks, 

 Spatial distribution of the rainfall doesn‟t help to collect the sample from where it 

was planned and, 

 Lack of awareness of about RWH technology. 

4.4 Social Survey: 

4.4.1 Introduction 

Under IWRM approach, socioeconomic data is essential. It should be taken into account in 

the overall water resources management (GWP, 2000). Socioeconomic data collection is a 

bottom up approach that reflects and identifies the real situation and people desires.  

However, it usually may not be clear for the decision makers. Therefore, it is important to 

analyze this kind of data in order to help decision makers to achieve sustainable 

development planning goals.  

Household sample surveys, as one of the fixable methods, provide a cheaper alternative 

way of data collection. They have become a good indicator source of data on social 
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phenomena in the last 60-70 years (Department of Economic and Social Affairs, UN, 

2005). Household sample surveys should cover all data related to people condition of 

living, activities, traditions, habits, opinions, demographic characteristics, cultural factors, 

as well as social and economic changes (Department of Economic and Social Affairs, UN, 

2005; AL-Zayed, 2010). 

In this survey, several key informant interviews with decision makers and specialists in 

water and WH sciences have been conducted. Then, three forms of questionnaire have been 

designed for three different target groups, households (form 1); public buildings (form 2); 

and existed RTRWH systems (form 3). 

4.4.2 Planning of survey 

Having a successful survey and desired results out of it requires careful preparations which 

precede the field work (Department of Economic and Social Affairs, UN, 2005).  

4.4.2.1 Objectives of the survey 

Objectives as a first step of the survey planning have to be clearly stated. Clear objectives 

help to know what kind of information is needed. Consequently, having clear objectives is 

considered to be a basis of the questionnaire design which plays the central role in the 

survey process. On the other hand, in this stage it is essential to identify how the results are 

going to be used (Department of Economic and Social Affairs, UN, 2005). 

With respect to the main objectives of th study, below are the main objectives of the social 

survey: 

 To get peoples‟ opinion about RTRWH; 

 To assess quality, quantity, uses and resources of current water supplied; 

 To assess people awareness towards water scarcity and; 

 To discover and describe briefly the existing RTRWH systems and its applications. 
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4.4.2.2 Sampling Size 

In sample survey, part of the population should be selected as a representative of the whole 

population. Accordingly, the results obtained from collected data represent the whole 

population (Department of Economic and Social Affairs, UN, 2005). The question of how 

big the sample is should be an important question.  Such question needs to be asked in the 

early stage of the planning phase. A large sample more than needed is wasteful, while a 

small one leads to unpractical represented results. Consequently, an appropriate sample 

helps to obtain desirable accuracy and confidence level with minimum cost. Dissimilar 

features in different countries lead to the complexity of sample designing (Department of 

Economic and Social Affairs, UN, 2005). 

With 95% population percentage, ±4% precision, and 95% confidence level, According to 

Sample Size Lookup Table by National Audit Office (2000); the sample size is calculated 

to be 114 samples. Accordingly by this study a number of 119 questionnaires have been 

conducted. 

4.4.2.3 Survey Scope 

When planning, it is important for the target population and geographical areas to be 

identified. Using sample of convenience will not represent the actual population, in other 

words, the result of survey will apply only to the particular population from which the 

sample has been chosen (Arsham, 2002; Department of Economic and Social Affairs,UN, 

2005). Hence, multistage random sampling has been used to select interviewees from 

different areas.  

 Water situation was the main factor of determining the target samples. Taking into 

consideration six parameters,   samples were drawn to cover the whole Sana‟a city as 

follows: 
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1. Crowded built areas;  

2. Developed and under-development areas;  

3. Areas with public network and high pressure;  

4. Areas with public network and low pressure;  

5. Areas without network and; 

6. New suburbs built areas; 

Moreover, ministries, organizations, institutions and universities, located in different areas 

within the Sana‟a city, were visited in order to conduct key informant interviews. Besides, 

some of the users, who have existing RWH systems, are visited incidentally, while the rest, 

who are well known, had organized visits. Figure 4-6 Shows interview locations. 

4.4.3 Questionnaire Designing: 

Questionnaire is considered to be the core and main tool of the survey. Whenever the 

survey objectives have been determined, the related questionnaire can be designed. It is an 

instrument that transfers the information from those who have it to those who need it. 

Simplicity and attraction of the questionnaire increase the response rate and enhance 

accuracy in the survey data (Department of Economic and Social Affairs, UN, 2005).  
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Figure 4 - 6. Interview locations 
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Three necessary questions should be answered in the initial phase of the questionnaire 

design (Arsham, 2002). These questions are as follows: What is the main purpose of the 

questionnaire? What kind of questions is needed in order to cover this purpose? and what 

sorts of actions that should be taken based on the results of the survey?. Indeed, in the 

survey some supplementary information such as, age, sex and education may ensure the 

results and enrich the analysis (Department of Economic and Social Affairs, UN, 2005). 

For the key informant interviews there are no prepared or designed questions since 

unprepared open ended questions are used. As for the interviews there are three forms of 

designed questionnaire: 

1. Household form, which is the majority; 

2. Organizations, institutions and public buildings and; 

3. Existing RTRWH systems‟ form. 

In the beginning of the three forms there are the same general information about, date, time, 

zone and number of the questionnaire. The rest of the forms are differently designed. 

Explanation and more details about the contents of the three forms are as follows.   

4.4.3.1 Household form 

The questions in this form have been categorized in four parts: 

a. Socio-economic, 

b. General water situation, 

c. People‟s awareness and 

d. Technical questions related to RTRWH projects. 

Socio-economic: 
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 Education level, qualification, family size and the monthly income are stated in this part. 

Such information enables the researcher, later on, to decide the economic ability for the 

household. Hence, decide if there is a need for financial support. 

General water situation: 

General water situation as a second part of the questionnaire, conducted information about 

households water sources and the importance of each source for the drinking purposes.  

People’s awareness: 

Third part is about the people awareness towards water scarcity in Sana‟a basin. It was 

looked at from the interviewees‟ perspective regarding reasons of the scarcity and the 

future solutions for water shortage in the basin are obtained.   

RTRWH part (Technical part): 

Last category of the questionnaire is designed to cover questions related to RTRWH, type 

and size of the buildings, roofs and tanks found. In the same part the people have been 

asked about their willingness to pay and participate in case of implementing RTRWH 

projects in the city. They have as well been asked how and for what purposes harvested 

rainwater is going to be used. 

Yards Level: 

Five questions in the households form have been added. The aim of these questions is to get 

the targeted people opinion about using unused cesspits to recharge groundwater. Getting 

complaints from some interviewees about the sewage flooding during rainy seasons led to 

add two questions. The reason is because of using the sewage system as a rainwater 

drainage system. 
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Cesspits situation: 

Cesspits for wastewater are still being used widely in Sana‟a and they are considered as a 

source of contamination to groundwater. Costing millions, „cesspits‟ can be used for 

harvested rainwater to recharge groundwater. Whenever the sewage network has been 

implemented, cesspits should be refilled by excess construction materials and replaced by 

the sewage network. However, cesspits situation, usage and people‟s opinion about using 

unused cesspits to recharge groundwater have been obtained from interviewees. 

4.4.3.2 Public building form 

Public buildings form has been designed differently from the first one. Nonetheless, the 

household and public building forms almost have the same categorization. Users number, 

type of uses and size of roofs have been the main differences and reasons for the design of 

two different forms. 

4.4.3.3 Existing RTRWH systems’ form 

With only one part, the questionnaire for the Existing RTRWH systems‟ form has been 

designed. In this part with seventeen questions related to RTRWH systems, their 

applications and feasibility from the owners‟ perspective eleven existing RTRWH systems 

in Sana‟a city have been visited and identified (Figure 4-7) 

Question wording 

Questions must be simple and easy to understand (Department of Economic and Social 

Affairs, UN, 2005).  In spite of the fact that, the researcher have tried to write the questions 

in a simple and easy way, the interviewers have been advised to ask the questions in an 

intelligent way (slang language) to help the interviewee to understand the questions and 

answer them correctly. 
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Figure 4 - 7. Existing RTRWH Systems 
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Test the questionnaire 
Pre-testing questionnaire is an important activity to undertake, unless, it is validated from 

previous survey. Whether in wording or in order, pre-test help to identify the strengths and 

weakness of the questionnaire (Department of Economic and Social Affairs, UN, 2005; 

AL-Zayed 2010), Getting the supervisors‟ feedback about the first draft of the 

questionnaire, leads to prepare the last draft for pre-testing. However, during questionnaire 

pre-testing, difficulties and obstacles have been identified. As a result, the last version of 

the questionnaire has been modified.    

Questionnaire sequence 
Asking easy and interesting questions in the beginning of the questionnaire help to build up 

the confidence of the respondents. In other words sensitive and detailed questions should be 

at the end of the questionnaire (Department of Economic and Social Affairs, UN, 2005).  

From the experience of the questionnaire pre-testing, socio-economic questions are very 

sensitive. Almost no one needs to answer such questions. For instance, the most sensitive 

question is about monthly income that everyone has been trying not to answer. Hence, the 

options have been changed from numbers to words as in the table 4-2. 

However, in the last version of the questionnaire several questions have been modified and 

the whole part of socio-economic questions being asked at the end of the questionnaire. 

Table 4 - 2. Monthly income question, from numbers to words 

Income question in pre-testing version: 

What is your monthly household 

income? Range 

a) 0-50000 YR *1 $ = 215 YR 

b) 50000-100000 

c) More than 100000 

Income question in last questionnaire version: 

Does your monthly household income 

cover all what you need? 

a) Yes *1 $ = 215 YR 

b) insufficient at times 

c) covers only basic needs 

d) totally insufficient 

e) Others 
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4.4.4 Implement the questionnaire: 

4.4.4.1  Select the interviewers 

A careful selection of the interviewers is required. They should have an appropriate level of 

education and commendation skills (Department of Economic and Social Affairs, UN, 

2005).  

Beside the researcher, two well known interviewers from National for Water and Sanitation 

Authority (NWSA) and NWRA-SB were chosen. Both selected interviewers are working in 

the field of water and its applications. Therefore it should be easy for them to pick what is 

required from the interviewees.  

4.4.4.2  Training the interviewers 

After pre-testing the questionnaire and designing the last version of it, one day of desk 

training has been planned for the interviewers. General introduction about the research and 

its objectives are explained. From the experience of the pre-testing questionnaire beside 

general information gathered from respondents, a good introduction has been prepared as a 

key tool in the hands of the interviewers. In fact, such introduction has helped in attracting 

the interviewees‟ attention and response. One day before the desk training day, the 

questionnaire forms were distributed to the interviewers. Accordingly, queries about the 

questionnaire forms are being answered and explained. In practice and in the day after, the 

field work training is conducted. However, questionnaire forms are asked by the researcher 

while the other interviewers are listening and vice versa. During the same day of field work 

training, at least one questionnaire from the three forms of the questionnaires is asked and 

filled.   

4.4.4.3  Field supervision 

Beside the frequent visits by the researcher, the interviewers are furnished with the 

researcher‟s phone number in case of facing any obstacles.   
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4.4.4.4  Interviews method 

Whether for key informant interviews or interviews, face to face interview method is 

conducted. Key informant interviews as a first phase, is conducted by the researcher. 

Presenting the study‟s proposal and unprepared open questions are the main components of 

the key informant interviews.  

In the field where the task is harder, the interviews are initiated with general talking and an 

introduction about the study and its objectives. However, within groups or individuals, both 

genders men and women5 are approached. Due to illiteracy faced with some respondents, 

slang language was used. Some meeting pictures are shown in Appendix (E). After all, the 

two interviewers with the researcher have conducted a number of 119 questionnaires, 

numbers of 101, 11 and 7 forms for households, existing RRWH systems and for public 

buildings respectively. In both Arabic and English Appendix (F) includes unfilled samples 

of the three forms of the questionnaire. 

 

 

                                                           
5
 As social impediments, only interviewers’ relatives and work colleagues women have been conducted.  
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CHAPTER FIVE 

RESULTS AND DISCUSSIONS 

5.  

5.1 Survey Result and Analysis: 

5.1.1 Key informant interviews 

Key informant interviews have been conducted by the researcher himself during meetings 

with specialists, decision makers, representatives and active people in water and WH fields. 

Therefore ministries, organizations, institutions and universities have been visited in order 

to meet these people and get the required information. Presenting the study proposal 

followed by unprepared open ended questions have been the main two steps of the pre 

interview meetings. All of the interviewees were aware of the water scarcity in Sana‟a and 

strongly encouraged and welcomed the idea of RTRWH projects. Groundwater saving, 

mitigate floods and reduce the cost of water bills have been some of the benefits of 

RTRWH projects mentioned by respondents. The following points, which are required to 

apply WH projects, are some of the key informant interviews findings: 

 Setting of laws and regulations in the field of WH  are required in order to 

implement such projects 

 As a motivational step, implementation of RTRWH projects should be initiated in  

government and public buildings as the best appropriate sites for such projects 

 Shard tanks where there are no enough places (In the crowded built areas) could be 

a good option. 

 Dried wells should be used as a recharge wells getting benefits of the rainwater 

 Integrated water resources management is required  
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 The SWSLC, as the responsible body for water and wastewater systems, should 

adopt the idea of RTRWH projects Instead of constructing new network projects. 

More details about key informant interviews are shown in Appendix (G). 

5.1.2 Interviews 

Households Form (form 1) 

Socio-economic: 

Question (Q4) is about monthly income where 41% of the respondents suggest they do not 

have sufficient income. Only 16% of the interviewees admit that they have sufficient 

monthly income. Another 15% of the respondents said that their income is insufficient but 

at specific times while 14% of them their income covers the basic needs (Figure 5-1). In 

brief, the high percentage of low income people could be an indicator of the need for 

support in case of implementing new projects. 

 

Figure 5 - 1. Monthly income of Sana'a people 
 

The finding of question (Q4) where most of the people have insufficient income, 

corresponds to the answers of question (Q20, 1), Figure (5-8) which shows the big 
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percentage of the people ability and willingness of practical participation in RTRWH 

projects.  

Water Resources Situation (Q7-Q13): 

Questions (Q7, Q13) are about the water sources of the target group. Out of the answers, a 

public pipeline network has been selected as a major water source. However, there are 54% 

of the households using both public network and tankers. 32%, 13%, and 2% are using 

tankers, public network and private networks as main sources of water respectively (Figure 

5-2). Around 65% of the interviewees believe that the water sources are not suitable for 

drinking. Meanwhile most of them referred to the non-reliability of the sources as a reason 

of their belief (water isn‟t suitable for drinking). Others referred the reasons to unclean 

network, pollutions, water taste and color (Q8, Q13).       

 

Figure 5 - 2. The main water resources 

Question (Q10) was about the main water source for the purpose of drinking. The answers 

are shown in (Figure 5-3) that the majority of households (63%) are using bottled or 
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mineral water. Only 4% are using filters with the water supply network and tankers, while 

13% and 16% of the respondents are drinking directly from public network and tankers 

respectively. Such high percentage of people who are using bottled or mineral water 

indicate to the poor water quality from different source, hence rainwater may have better 

quality. 

 

Figure 5 - 3. Main source of drinking water 
 

Awareness of the Water Problem: 

Beside the questions on water sources quality and its uses, questions (Q14, Q15) have been 

designed to measure the people awareness. Table 5-1 illustrates the results of awareness 

questions with 91% of interviewees are aware of the water scarcity in Sana‟a basin, see also 

Figure 5-4. 

 

However, those, who are aware of the water scarcity, have been asked the other two parts 
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improved irrigation technology and punishing illegal drilling of wells are the winner future 

solutions to face water scarcity problem. 

Table 5 - 1. Awareness results  

No Questions Options 
Yes 

% 
No % 

No 

Answers 

& 

Missing 

Data % 

Other 

Suggestions 

15 Are you aware that there is a water scarcity in 

Sana‟a? 
91 9 

    

Q 16 applied only for those who said yes in Q15 

16,1 What is the reason or 

reasons do you 

think? 

a) Rainfall is rare 41 51 8 11%  Paving     

b) Irrational use of 

water 
75 18* 6.6 

 3% Loss & 

Illegal  

c) Agriculture use 61 18 21 
5% Failure of 

Government 

d) Wells 61 11 28   

e) Immigration  to 

Sana‟a 
72 11 16 

  

16,2 In your opinion what 

is the future 

solution? 

a) Stop new well 

digging 
23 51 26 

16% 

Rationalization  

of consumption; 

b) Stop deepening of 

wells 
28 43 30 16% Laws;    

c) Reduce irrigated 

area 
48 26** 26  7% Awareness. 

d) WH tanks/ 

dams/…….. 
97 0 3 

  

e) Subsidize improved 

irrigation technology 
93 0 7 

  

f) Punish illegal 

drilling 
92 0 8 

  

 * 66% of yes answered people referred to Qat 

 ** 34% of yes answerd people referred to Qat 
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Figure 5 - 4. People awareness of the water scarcity in Sana'a Basin 

 

People Opinion about RTRWH: 

People‟s opinions and encouragement to use RTRWH are measured by Q18. Only 14% 

(Figure 5-5) didn‟t like the idea. However, their reasons for this objection are illustrated in 

Figure 5-6. 
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RTRWH, are not willing to participate financially, while, 38% of the samples are willing to 

participate financially and practically. However there are some people willing to provide 

financial support even though they either retired or sick. Some of the arguments in not 

participate that people have low income, they are sick and retired. Moreover they think it is 

the responsibility of government. “We are only house tenants and not owners” are 

comments or pretexts for rejection. 

 

Figure 5 - 6. People reasons of not encouraging RTRWH 

Question (Q20-2) is about quality of harvested rainwater and its usage (in case of using 

such systems) from the interviewed households‟ point of view. The answers of this 

question (Figure 5-8) shows that the majority of them (40%) would use harvested rainwater 

for all domestic uses. However 29% of the respondents are happy to use rooftop rainwater 

for all domestic uses except drinking while the rest (31%) would use harvested water only 

for cleaning and gardening purposes. 
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Figure 5 - 7. Interviewees’ willingness and ability to participate in RTRWH projects 

Questions Q20, 3-Q20, 4 are about the ability of using existed tanks for both rainwater and 

water from other sources. 11% of the RTRWH agreed people accept the idea whereas 89% 

of them didn‟t agree since the existed tanks are not enough. 42% of respondents, who 

encourage RTRWH and didn‟t agree to use inadequate existed tanks for the rainfall, have 

places for new harvested rainwater tanks while the rest don‟t have. 

 

Figure 5 - 8. Different uses of rainwater when applying RTRWH projects 
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Although the ferrocement tanks are cheaper than reinforcement concrete tanks, households 

prefer the last one because of the inability of building on the ferrocement tanks where the 

land is too expensive. 

Cesspits Situation and Yards Level: 

During the rainy season, how the rainwater is discharged from house yards situated below 

the street levels? Two questions (Q22-Q23) were about the level of the house yards 

compared to the streets level and the way of discharging rainwater from low-level yards. 

(21%)6 of the yards were below the street level. However, rainwater during the rainy season 

for all of those yards is discharged whether to the sewage network or to the cesspits, where 

there is no sewage network.  

The cesspits situations have been illustrated by question (Q25-1). It has been found that 

58% of the inspected cesspits are still used while 31% have been buried while using the 

sewage network. Only 11% of inspected unused cesspits still exist and unfilled. Whenever 

the sewage network is implemented, why not using cesspits to harvest rainwater (whether 

from roofs as an alternative for domestic uses or from street and clean areas) to recharge 

groundwater. People opinion about this idea was illustrated by question Q25-2. Most of the 

households (56%) believe that it will be a good idea, whereas 26% of them rejected the idea 

for the fear that cesspits might collapse.  They proved their rejection by citing some 

incidents of cesspits collapse that took place causing material damage and human loss. 

                                                           
 
 
6
  Most of those below street level yards were found in old city of Sana’a and AL-Qa’a which are crowded 

and old built areas. 
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Social survey of Public buildings (form 2): 

AL-Thorah Hospital, MWE, NWRA, few massjeds and other three schools have been 

visited as public and governmental buildings. 100% of the respondents stated that the water 

from public network is not suitable for drinking. Instead, bottled and mineral water are used 

for the purpose of drinking. Sizes and fabricated materials of the roofs and tanks in such 

buildings are appropriate for RTRWH. Using RTRWH will reduce the high cost of the 

water bills. 

Social survey of Existing RTRWH Systems (form 3): 

Eleven RTRWH systems existed in Sana‟a city have been visited and identified. A number 

of 3768 inhabitants are getting benefit from the existing systems. Five of these systems are 

known while to the six of them, 5% of the whole sample, are found during field survey. It is 

worth mentioning that one of these existing systems is owned by the Minister of the 

transportation. All existed systems have Ceramic and concrete roofs. Reinforcement 

concrete, steel, plastic, Ferro-cements tanks beside only one recharge well are used. 

In spite of 75% (Q9) of the owners are cleaning the roofs and tanks with varying periods, 

75% of them are not using first flush devices. Questions Q10, Q11 and Q12-1 investigate 

the different uses of harvested rainwater. Figure (5-9) shows that only two owners of 

existing RTRWH systems out of eleven are using rainwater for all uses. However, the 

majority of them mentioned the unclean RTRWH systems as a reason preventing them 

from using harvested rainwater for drinking purposes.  
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Figure 5 - 9. Different type of uses for harvested rainwater in the existing RTRWH systems  

Likewise the households, who have no RTRWH systems, bottled and mineral waters, are 

the main drinking water source for households who have existing RTRWH systems. The 

answers of question Q12-2 are illustrated in Figure 5-10 
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Half of the existing RTRWH systems‟ tanks are used for both rainwater and water from 

other sources. The rest use separate tanks, and the harvested rainwater is used for cleaning 

and gardening (Q13). 

While the owners and users of the existing RTRWH systems believe that they are feasible 

at least during the rainfall season with different concepts of uses, the owners strongly 

encouraged the idea of spreading the RTRWH projects for the whole city (Q15, Q16 and 

Q17).  

In an Appendix (H), more questionnaires results are shown. 

5.2 Water Sampling, Results and Discussions:  

Water safety is determined by two main factors namely; absolute measurements at 

laboratories, people awareness and understanding of water quality at the house level as a 

second factor (Abdulla, et al., 2009). The results stated in this research are the first to deal 

with harvested rainwater quality in Sana‟a. Here in this section chemical, physical and 

biological results of water samples are stated and discussed.  

In Table 5-2 Physical, chemical and biological parameters analysis results are presented 

compared to (drinking water Yemeni standard prepared by the sector of water policy and 

programming, NWRA) (1999) and WHO (1993) drinking water guidelines. 
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Table 5 - 2. Physical, chemical and biological parameters analysis results for rainwater that       

have been collected from different locations (tanks and gutters) 

 

With the exception of the turbidity and biological indicators (total coliforms and fecal 

coliforms), all other physical, chemical, and biological measured parameters are laid below 

the maximum values of both NWRA and WHO standards.  

Turbidity results of fifth and sixth samples, as the only samples representing turbidity, were 

(2.34 and 6.4 NTU) respectively.  The first results are below the allowable maximum 

values (5 NTU) of NWRA and WHO guidelines while the second result exceeds both 

standards.  

The water samples showed clear turbidity, even though no turbidity analyses were made for 

all samples. Most likely, long period of dry days before collecting samples, unclean roofs 

and unavailability of first flush system have effect in such results. Accumulated dust in the 

pH 6.83 7 7.92 7.43 7.83 7.94 7.49 0 6.5 - 9 6.5 - 8.5

Turbidity NA NA NA NA 2.34 6.4 4.37 1 5 5

Electrical Conductivity 【EC】 μS/cm 106 105.4 135.8 374 115.3 205 173.58 0 2500

Total Dissolves Solids 【TDS】 mg/L 69 69 88 243 75 133 112.83 0 1500 1000

Total Hardness【TH as CaCO3】 mg/L 43 45 30 148 44 75 64.17 0 500 500

Total Alkalinity【TA as CaCO3】 mg/L 34 36 35 53 39 58 42.50 0

Bicarbonate 【HCO3】 mg/L 41 44 43 65 47 71 51.83 0 500

Carbonate【CO3
-
】 mg/L NIL NIL NIL NIL NIL NIL NIL 0

Chloride 【Cl】 mg/L 1 1 6 46 7 11 12.00 0 600 250

Sulphate 【SO4】 mg/L 19 13 16 33 15 40 22.67 0 400 400

Fluoride 【F】 mg/L <0.01 <0.01 <0.01 0.14 <0.01 0.43 0.29 0 1.5 1.5

Calcium 【Ca】 mg/L 9 11 8 49 16 20 18.83 0 200

Magnesium 【Mg】 mg/L 5 4 2 6 1 6 4.00 0 150

Sodium 【Na】 mg/L 4 4 12 9.9 6.4 17 8.88 0 400 200

Potassium 【K】 mg/L 5.3 5 9.3 8.5 4.9 6.1 6.52 0 12

Nitrate as NO3
-

mg/L <1 <1 1.32 11.88 15 16 11.05 0 50 50

Iron 【Fe】 mg/L 0.07 0.09 0.06 0.3 0.084 0.068 0.11 0 1 0.3

Total Colliforms col./100mL NA NA NIL NIL 21 3 12.00 2 0 10 *

Fecal Coliforms col./100mL NA NA NIL NIL 17 1 9.00 2 0 0

NWRA WHO 

* Here the guideline value of Fecal Coliform is only for an individual water supply source. For the municipal water supply system,                   

   the value should be zero.

Samples 

above 
Parameter Unit

Sample 

 1

Sample 

 2

Sample 

 3

Sample 

 4

Sample 

 5

Sample 

 6

Mean 

Value
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roof of Aminah bent Wahb School, where the sixth sample has been taken is shown in 

Figure 5-11. 

 

Figure 5 - 11. Accumulated dust in the roof of  

Aminah bent Wahb School, Existing system. 

The biological quality of rainwater was tested for four samples by the common indicators 

of total coliform and fecal coliform. Except what were collected from the tanks, both 

indicators were totally absent from the other two tested samples collected from gutters. The 

samples collected from the tanks (Akwan Thabt and Aminah Bint Wahb Schools) have the 

results of total coliform and fecal coliforms which exceed both Yemeni and WHO 

standards of drinking water. 

According to WHO (1993), Table 5-3 shows the distribution of collected samples 

according to the level of TC concentration and treatments required. While the Table 5-4 

shows the degree of risk according to FC (WHO, 1997) 

As it is obvious in Table 5-3 all samples are located in the first two fields, three samples 

(75% of the tested samples) are located in the first field where no treatment is required 
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while the fourth one requires only chlorination. Under the typical classification scheme 

according to FC, half of the samples met WHO guidelines while the other half of the tested 

samples were with low and intermediate risk. In other words, none of the samples were 

with a high or very high risk. 

Table 5 - 3. Distribution of collected samples according to the level of TC concentration and 

treatments required 

Range of 

TC 

Degree of 

Contamination 

Number of tested 

samples 

Treatment Procedure 

0-3 0 3 No treatment required 

3- 50 1 1 Chlorination only 

51- 5000 2 0 Flocculation, Sedimentation then 

Chlorination 

>50000 3 0 Very high contamination, need 

special treatment 

 

Source:  (Al-Khatib,et al., 2004)  

Table 5 - 4. Typical Classification scheme based on increasing orders of magnitude of faecal 

contamination 

Range of FC Number of tested samples Degree of Risk 

0 2 In conformity with WHO guidelines 

1-10 1 Low Risk 

11-100 1 Intermediate risk 

101-1000 0 High risk 

> 1000 0 Very high risk 

Source: WHO, (1997) 

 

In spite of the fact that, biological contaminated samples were collected from inappropriate 

RWH systems, still the results seem good. In both systems, where the samples are taken 

from, harvested rainwater was supposed not to be used for drinking purposes. Neither 

cleaning of roofs nor first flush devices existed or used. Moreover, samples were collected 

at the end of the rainy season, after several days of the last rain event. Nevertheless, in 



 86  

 

 
 

comparison with other similar studies (Villarreal, et al., 2005; Simmons, et al., 2001; Al-

Salaymeh, et al., 2010), the quality of the tested samples seemed much better.  

SFD with GTZ (IWRM) conducted a joint pilot Project of utilizing 180 SF (Figure 5-12) 

for 4 villages in Amran governorate. Studying the socio-economic impacts of those filters 

was the main aim of this study. The results of socio-economic survey showed that diarrhea 

among adults has been decreased from 63.9% before using the filters to 14.4% after one 

month of using SF, and from 25% to 0.0% among children.  

 

Figure 5 - 12. Silver Filter 

Source: SF, (2010) 
 

During the study, 21 samples of water were taken from the main water sources and were 

biologically tested. As a result, only one sample was not contaminated biologically while 

20 samples were contaminated. Number of 9 samples gave a “Too Numerous To Count” 

(TNTC) results while the rest (11 samples) were contaminated and gave results of  total 

coliform between (20 coli/100mg) as the minimum value and (183 coli/100mg) as the 

maximum value. The mean value lies at 57 coli/100mg. On the other hand, fecal coliform 

results for the 11 samples had a mean value of 27, and the minimum and maximum values 
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were 10, 104 coli/100mg respectively. Six months later, 20 POU filtered tested samples 

were totally clean from biological indicators and gave the value of zero (AL-Nasiri 2010).  

Other similar study in different area done by CARE international showed almost the same 

results. The baseline study showed that 80% of users stated that their children have at least 

once a month diarrhea. However 77% of them never have diarrhea after 6 months and 

during the evaluation phase. On the side of sampling, the results of biological 

contaminations were absent. In the physical side, PH ranged between 8-8.3 while the 

turbidity results also were under the standards value (> 5) (SF, 2010). 

Here and out of the two previous studies, SF proved its efficiency in the removal of 

biological contaminants and turbidity, with time it proved its acceptance among users as 

well. In this study, the two parameters exceeded the standard values are the biological 

indicators and turbidity, which can be easily removed by using SF7. Hence, either SF or 

lifstraw8 filter is highly recommended by this study. Using such filter for the sampled 

sources will make it under the maximum allowable values of NWRA and WHO drinking 

water standards. Nevertheless, the samples are still not enough and making a final decision 

on the rainwater quality requires further quality studies.  

5.3 Possible amount of rainwater that can be harvested from the roofs 

Digitizing Sana'a city image 2009 by AutoCAD followed by inserting it to ArcGIS 

program. In ArcGIS program digitizing map has been accompanied with average annual 

                                                           
 
 
7
 SF: is preferable since it is cheap and locally made. 

8
 Lifestraw filter: was explained in water quality in chapter 2 , it has not only the efficiency of bacterial 

removal like SF but further it can remove viruses which SF can’t. 
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rainfall isohyets map, isohyets map was developed for the Sana'a basin by BGR, (2004) 

cited in GAF,(2005) (Figure 3-6, Chapter 3, Section 3-7).  

The final combined map is shown in Figure 5-13. The city was divided into three zones, 

south, middle and north zone according to the rainfall density. The rational method is used 

to calculate the potential of runoff from the roofs. More details about this method are 

presented in the methodology part (Chapter 4 section 4-2)  

The value of 0.8 has been used as runoff coefficient for roofs (Abdulla & Al-Shareef 2009). 

Zone name, average annual rainfall, rooftops area and the volume of rainwater that can be 

harvested from the roofs all are shown in Table 5-5 
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Figure 5 - 13. Digitizing and average annual rainfall isohyets companied map 
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Table 5 - 5. Summary calculation for the potential quantity of rainwater that can be harvested 

from the rooftops of Sana’a city. 

 

Zone name 

Annual 

rainfall 

mm/year 

Average 

rainfall 

mm/year 

Rooftops 

area (km2) 

Annual volume 

of harvested 

water (MCM) 

South zone 190 - 215 202.5 0.4225 0.0685 

Middle zone  215 – 240 227.5 15.6415 2.840 

North zone 240 – 265 252.5 17.2471 3.4867 

Total    33.311 6.395 

 

The total volume of water that can be harvested from the roofs was calculated to be 6.4 

MCM in the year of 2009. However, 6.4 MCM will be saved groundwater resources every 

year.  

According to censes 2004, population of Sana‟a city is 1.74 million inhabitants with growth 

rate of 5.55 between the years 1994 and 2004. Based on that, the projected population for 

the year 2009 is calculated to be 2.28 million inhabitants.  

The estimated water consumption per capita per day is ranged between 30-50 liters (World 

Bank, et al., 2009). Accordingly, the required water supply for the year 2009 is calculated 

to be 33.3 MCM per year. When comparing to the potential quantity of rain water that can 

be harvested from the roofs, RTRWH gives 20% potential water saving.  

According to the annual report of SWSLC, (2009), network water losses are 34%. When 

supplying the potential quantity of RWH by networks, more 2.2 MCM per year is needed 

as water losses to deliver an amount of 6.4 MCM of water to the consumers. In other words 
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8.6 MCM per year can be saved when using RTRWH. Not only saving water losses but 

also pumping, distribution, maintenance and operating costs all are added values for using 

RTRWH. So, even the amount of 6.4 MCM/year is relatively small compared to the deficit, 

it makes a good portion of the domestic water needs for Sana‟ city. Moreover and due to 

severe water shortage, any additional water is helpful. 

Installing RTRWH projects in Sana‟a city will increase the public awareness about the 

current critical situation of Sana‟a basin and promote RWH in different levels. Moreover in 

Sana‟a the rainfall events have high intensity causing floods hazards. RTRWH can 

significantly contribute in floods mitigation. 

RTRWH can be an efficient source and a complementary alternative to large-scale water 

withdrawals; it can reduce the negative impacts in the Sana‟a water stressed basin. 

In Sana‟a RTRWH considered as a complementary source. Therefore, more water for 

domestic uses from other sources is required. However this study suggested one system for 

different sources, which means reducing the sharing-cost of using RTRWH. In detailed, 

this point is discussed in the coming part.  

5.4 One System for Different Water Sources: 

Recently the houses in Sana‟a are receiving intermittent water supply i.e. once or twice a 

week with very low water pressure that does not allow water to be pumped directly to the 

buildings pipes. The people in the house solved this problem by installing ground or 

underground storage tanks connected to either small or medium size of steel or plastic tanks 

on the rooftops. In some of the commercial and big buildings concrete tanks with various 

sizes are installed in the roofs. However small pumps are usually used in such cases to lift 
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the water from the underground storage tanks to the roof tanks in order to keep the building 

supplied with water. When the storage tanks are empty and the SWSLC water supply is not 

on time, people ask the tankers to fill out the ground or underground storage tanks.  

Since storage tanks at level of houses are required to utilize water supply network, this 

study suggested that the same tanks could be used for RWH. Following are some 

supporting points for this suggestion: 

1. When installing Two tanks for RWH and network water, this means more area is 

required where the area is too expensive,  

2. Two tanks mean more efforts for cleaning and maintenance. 

3. More budget is required.   

4. Out of the Social survey, most of the people (63%) are using bottled and mineral 

waters for drinking purpose because of unreliability of water supply network and 

tanker water. On the other hand, rainwater quality results showed that rainwater 

could be used for drinking (cleaning the system and using SF before drinking is 

needed). This means mixing rainwater with network or tankers water will not affect 

the current practices.  

5. In spite of the questionable quality of tanker waters, people use one tank for both 

tanker and network waters.  

6. With intermittent of network water supply, it is too difficult to insure drinking 

quality of water. With intermittent supply the possibility of water pollution is high. 

During water flow stoppage the pressure in the pipes is zero, therefore contaminants 

around the pipes can find their way into the pipes through weak joints, and putting 
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the pipes under pressure again will transport the water with the contaminants to the 

consumers. 

To summarize, harvested rainwater from kept clean systems could be more reliable and will 

not be worse than water from other unknown and infrequently tested sources. Therefore, 

harvested rainwater can be stored in the existed and new appropriate tanks together with 

water from other sources.  

5.5 Tank Size and Control: 

There are several computer-based programs for calculating tank size that connected to more 

than one source. For instance a computer based modeling tool called RainCycle was 

developed to perform more detailed analysis. It allow for more than one source of water. 

Furthermore, the whole life cost performance can be modeled in detail by such tool 

(Roebuck and Ashley, 2006). However, At least the tank should have the minimum size 

that can utilize and meet harvested rainwater requirements and the available space. 

Using one tank for more than one source required special control. Beside float valve, 

control valve is required for other source connection rather than rainwater connection. 

During rainy season, daily Rainfall data never fixed. So, to have 100% optimum use of 

rainwater it‟ll be good to install this control valve of other source connection before the 

float valve and Depending on the need and the availability of harvested rainwater, this 

valve can be closed or opened. In other words If there is some empty space in the tank it is 

wise to be kept for the next event of harvested rainwater, so control valve should be closed 

during rainy season unless there is an especial need for network water. Overflow pipe is 

also other good tool that control received water from different sources.    
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5.6 Potential Sites, Techniques and Sizes of the Tanks: 

In Sana‟a, steel, concrete and plastic tanks are the most common used types. Selecting the 

type of tank in Sana‟a mostly depends on two factors, the budget and space area. In poor 

and crowded zones, steel and plastic tanks are used, while the concrete tanks are more used 

in rich zones. 

In this study the potential and appropriate type of tanks for Sana‟a city have been 

suggested. However, since the most expensive part of the water systems in Yemen is the 

storage tanks, the cost of the tank has been taken as a main factor of the selection process in 

this research. Accordingly, from cheaper tank to the expensive one the type, size, location 

of the tanks have been selected considering the availability of space area and capacities of 

tanks that fulfill the required demand.  

However, brick cement, ferrocement, blocks and concrete tanks are indicated and discussed 

as appropriate tanks that can be installed in different areas among the city. Types of tanks, 

costs and capacities in level of the houses are shown in Table 5-6.  

Table 5 - 6. Appropriate suggested tanks for Sana’a city, capacities and costs,  

Tanks  Capacity 

(m
3
) 

Cost 

$/ m
3
 

Source 

Brick cement 0.5 – 30 10 - 40 Calculation 

Ferrocement   50 – 100 47 - 65 SFD 

Block tank < 20 75-100 SFD 

Concrete   < 100 110 - 180 SFD 

 

Ferrocement tanks are still new technique for the whole country, only few tanks of this type 

have been installed in the last three years by SFD. The cost of these tanks ranged between 

47- 60 $/m
3
 with capacities up to 100m3 (see table above). 
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The advantage of these tanks is the low cost of construction. According to the social part of 

the study, many interviewees refused the usage ferrocement tanks due to the unavailability 

of enough space area, and it is not suitable to install them underground of the buildings.. 

However, the installation of ferrocement tanks seems to be suitable for the buildings or 

houses where there are enough space areas, for instance villas, schools, ministries 

universities and other public buildings. 

Another cheap type of tanks, even cheaper than ferrocement, are the brick cement tanks.  

They are not practiced yet in Yemen. As a maximum the brick cement tanks cost about 20 

$/m
3
 in Nicaragua, Ghana (NWP, et al., 2007). In Yemen it is calculated to cost about 10-

40 $/m
3
. Such tanks can be built in small areas, starting from of 0.85m in diameter with 

capacities starts from less than 0.5 up to 30m
3
. Like ferrocement tanks, brick cement tanks 

it is not allowed to be built underground other buildings. 

Block tanks are more expensive than both ferrocement and brick cement tanks, but they are 

cheaper than concrete tanks. However, block and concrete tanks can be installed 

underground the buildings which make them very appropriate and acceptable to the people. 

Selection process of tanks 

 In this part three situations are identified for the selection process of the tanks and 

summarized in Table 5-7:  

i. For crowded areas where there are no enough places for installing big tanks, brick 

cement tank is suggested. For more capacities, or unsuitable location two brick 

tanks could be installed.  
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Although, shared tanks are other option that can be used in crowded built areas, or 

where there is no place for constructing brick cement tank. When using shared tank 

two or more roofs are connected together to the nearest adequate selected place of 

this tank. 

Table 5 - 7. Suitable tanks from the economic point of view, sites, according to the area 

availability and required capacity.  

No 

 

Area properties 

 

Examples 

Tank type 

Brick 

cement 

Ferrocement 

 

Block Concrete Shared 

1 Crowded built area Old Sana‟a      

2 - Non-crowded area  

- Required capacity 

<30m
3
 

 

     

- Non-crowded area 

- Required capacity 

>30m3 

Public 

buildings      

3 - Required building 

above the tank  

- Required capacity 

<20m
3
 

 

     

- Required building 

above the tank 

- Required capacity 

>20m
3
 

 

     

  Strongly recommended option 

   Second option 

ii. For non-crowded areas which have enough space areas, also brick cement tank is 

suggested for the required volume up to 30m
3
. If more capacity is needed (more 
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than 30m
3
) ferrocement is installed, for example, for public and big buildings such 

as ministries, which require more capacities of storage.. 

iii. Third case, when more storage capacity is needed and there is enough area for 

installing big tank but building over this tank is a must, then, above or underground, 

block or concrete tanks are used. For storage capacity up to 20m
3
 block tanks are 

used and for more concrete tank, the most expensive choice among suggested tanks 

is used. 

For the areas where there are already existing tanks, redesigning the system should be 

carried out. If not replacement, rehabilitation or/and additional tank may be needed.  

However, the owner‟s preference and his income also play an essential role in selecting the 

type of tank. 
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5.7 Other possibilities of rainwater harvesting: 

5.7.1 Dried-up well s 

Out of 13280 Wells and dams/pool within Sana‟a basin, there have been more than 1600 

dried-up wells and water points, 1423 dug wells, 32 dug/bore wells, 161 bore wells And 3 

dams/pool. However they are subject for increasing due to the continuous drop in 

groundwater level.  All of these dried-up water points are abandoned (WEC, 2001).  

Harvested rainwater through dried-up wells in the basin is considered to be a fast way to 

recharge ground water level. Using dried-up wells to recharge groundwater need to be 

rehabilitated in a way that helps to catch as much as possible of rainwater. 

For dug wells, bore wells and dug/bore wells, this study suggests different initial techniques 

of rehabilitation that can be developed and used for using the three type of wells, as a 

recharge wells.  

5.7.1.1 Bore wells: 

Bore wells can be utilized as recharge structures. Developing a round filter will be a good 

way to get benefit of such unused dried-up wells. Ground filter has three suggested layers, 

sand, gravel, and boulders from top to bottom.  Storms in Sana‟a basin happens in short 

time with relatively high intensity, this kind of storms affect surface runoff and the peak 

flow rate. As a result, circular surface filter with gradual depth towards the well case is 

suggested. The cross section of the filter could be in trapezoidal shapes or in semi-circle 

(Figure 5-14 and 5-15).  
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Figure 5 - 14. Suggested RWH ground filter for dry bore wells to be used for groundwater 

recharge (trapezoidal shape) 
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Figure 5 - 15. Suggested RWH ground filter for dry bore wells to be used for groundwater 

recharge (semi-circle shape) 

Such filters will help to have a large circular filter area (the plan of the upper surface of the 

filter) compared to a surface area of the cylindrical filters. 

 Hence increasing surface area of the filter will give more area for the rainfall that will be 

filtered to the well, as well as it will give more time for the runoff passing on the upper 

surface of the filter to be filtered through the filter layers. More over it is easier to construct 

this filter than the cylindrical one. 

Dimensions of these filters and the holes on the case of the well will depend on: 

 Rainfall duration, 

 Rate and duration of the surface run off, 

 Materials of the filter, and 

 Geometry of filter. 
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In case the well is located in a flooded area, protection zone and pre-basin for suspended 

solids reduction around the filter is needed. 

In case there is no runoff passing the filter, converting some of the runoff by pipes or canals 

from other places is advisable. When using bore well and rehabilitate it as a filter, tight 

sealing head for the well is needed. 

For bore wells (tube wells) that have been installed in hard rock soil. Outside or Upland-

filters can be used. 

5.7.1.2 dug wells:- 

 A number of 1423 dug wells also can be reutilized to be recharge wells. Two cases are 

identified: 

i. In case the well is subjected to threats that threaten its permanency, as risk of floods 

or there is no more need for the dug well, it can be refilled with filter materials. 

Figures 5-16 a, b, c, and d, show different techniques of dug wells rehabilitation.  

For all suggested filters, h0, h1 and h2, are very important to be determined, the rest 

(h3) will be filled with boulders.  However, Figures 5-16 a, and b are strongly  

recommended since they will create more space and time for runoff over the well 

and more space for the rain fall, this will increase the opportunity for rainwater to be 

filtered (see section 5.7.1.1 for more discussions), however cost of filling the well 

with filter materials should be taken in consideration. 
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(a) 

 
 

(b) 
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 (c) 

 

(d) 

Figure 5 - 16. (a),(b),(c) and (d), different suggested techniques of RWH inside ground filters for 

dry dug wells to be used for groundwater recharge. 

ii. If the dried-up dug well is protected from any threats, pollution and flooding, place 

the filter materials around the outside the well with drainage pipes. Figure 5-17 
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explains how this filter can be constructed. h1, h2, h3, are very important dimension 

to be selected carefully for the well. 

 

Figure 5 - 17. Suggested technique of RWH outside ground filter for dry dug wells to be used for 

groundwater recharge. 

 

5.7.1.3 Dug/bore wells 

Using dug /bore dried-up wells also have two cases: 

i. Placing the filter inside the dug well will identify two situations:  

a. The  bore  well head with  the bottom of the dug well: Figures (5-16 a, b, c and d) 

can be used  with special care when installing the first layer of the filter 

(boulders) over the bore wellhead, the  first  boulders located on the top of the 

bore wellhead should leave some space in  between that allow  the filtered 

rainwater  to go  through the wellhead (Figure 5- 18, a). More holes around the 

bore wellhead may be needed (Figure 5- 18, b) 
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(a) 

 

 
(b) 

Figure 5 - 18. Suggested techniques of RWH outside (a) and inside (b) ground filters for dry 

dug/bore wells to be used for groundwater recharge 
 

b. The bore wellhead with the ground surface: whether it is cut to be with the 

bottom level of the dug well and the same suggested fitters (5-16 a, b, c and d) 
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can be used with special care for the two points mentioned in previous section 

and illustrated by Figure (5- 18, a and b) or Installing the filter material inside the 

dug well all around the bore well and/or outside the dug well, three suggestion 

have been illustrated in Figures (5-19, a and b) 

ii. placing  the filter outside the dug well (keeping the well empty): 

Figure (5-20) explains how to use the dug/bore well as a recharge well without 

filling the inside of the well. In this case the top part of both wells should be closed 

and protected. 

For all filters mentioned rainwater can be diverted from clean catchments, roofs or wadis 

by pipes or canals. Moreover filters far away from the dried-up wells can be constructed 

and pipes can be used to transport runoff filtered water to the well. 

 
(a) 
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(b) 

Figure 5 - 19. Suggested techniques of RWH inside/outside (a) and inside (b) ground filters for 

dry dug/bore wells to be used for groundwater recharge, the bore wellhead with the ground 

surface. 
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Figure 5 - 20. Suggested technique of RWH outside ground filter for dry dug/bore wells to be 

used for groundwater recharge, (bore wellhead with the ground surface). 
 

Benefits of using dried-up wells to recharge groundwater: 

(1) Easy to be utilized and rehabilitated to recharge wells. 

(2) Fast way of reaching and recharging groundwater  

(3) Good and strong tool that easily connect between surface and ground water. 

(4) Big amount of water can be harvested and injected to underlying groundwater 

aquifers. 

(5) Economically feasible. 

5.7.2 Cesspits: 

 Sana‟a city is not covered yet by both water supply and wastewater networks. Only 

40% of the city is covered by swage system and 55% by water supply system 

(World Bank, et al., 2009). Out of the sewerage network areas, cesspits are 

constructed regardless of the geographical and soil type. These cesspits cost a lot of 
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money. Whenever, the sewage system is installed, cesspits were to be buried and 

replaced by this system. During the social survey, 42% of the inspected cesspits are 

not used any more due to the installation of sewerage network system. 31% of them 

are filled out and buried with building material while (11%) are unused while they 

are not buried or filled with building materials. protecting such cesspits in a way 

that ensure its resistance against collapse will help to make use of these untapped 

cesspit. 

Harvesting rain water from clean catchments or/and roofs through these cesspits 

will be much better than the first situation where they were used for recharge 

groundwater with sewage water. 

 However; using unfilled protected cesspits for harvested rainwater will help to 

harvest as much as possible of the rainfall. But if there is no way to protect them 

against collapse, which the people complain about, burying them is the practical 

option. 

 Using suggested filters (Figures 5-16 a, b, c and d) will expand the benefit of 

money that have been paid to dug these cesspits. 

 If the cesspits will be used without inside filter, screen for the rainwater inlet 

should be installed, and actually this is the best way of using streets cesspits.  

5.7.3 Dug wells in the level of households: 

During the survey it was found that there are many dug wells still exist, some of 

these dug wells were found in AL-Qa‟a zone. Existing dug wells have been 

constructed inside the underground level of the houses. Reutilize dug wells inside 
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the city to be recharge wells considered to be another opportunity to recharge 

groundwater. The some suggested techniques of the dug wells that have been 

discussed in section 5.7.1.2 can be used. 

5.7.4 Ponds: 

 The idea of constructing ponds in the city is now readily expanded. Such ponds 

contribute in recharging groundwater as well as for gardening and street trees 

irrigation (figure 5-21) 

 

Figure 5 - 21. Tankers using pond water for street trees watering 
 

Chain of ponds and wetlands construction along Al-Sailah9 and  its branches, where 

there are enough space, in  Sana‟a  city will  form an ecological system and 

beautiful places  and  parks with  a recreational value (Niemczynowict, 1999). The 

filtration rate decrease, with time, is one of the ponds problems, however, 

sedimentation basins are a good solution for such problem. When using lined ponds 

                                                           
 
 
9
 Al-Sailah is the main paved wadi (stream) that cross the Sana’a city, it is used as a road as well. 
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with injection wells, including sedimentation basins, sediments removal and wells 

cleaning from the main ponds can be applied. According to the amount of sediments 

the ponds can be cleaned whether during dry season or if not possible the bond 

should not receive any more water, and the inlet of the pond should be diverted out 

of the pond, till the pond get dry for cleaning. 

 Dimensions  of the ponds  embankments and  wells  stability are very  important 

factors that  should be  taken  into consideration  when designing  ponds. 

 Al-Rea‟sa pond (Figure 5-22) was visited. It was found that after more than two 

months of the last rainfall event, the water stored in this pond still used. Tankers 

still take the water for street plants instead of watering them by groundwater. 

Hence, such ponds can contribute in groundwater saving term.  

 

Figure 5 - 22. AL-Rea’sa pond 
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 Paving Al-Sailah canal along the city of Sana‟a prevents any more infiltration to 

underlying layers. Several main and secondary branches of Al-Sailah are still under 

planning and constructing. So finding ways to allow rainwater filtration to the 

underlying layers will play a significant role in recharge groundwater, as well as 

recharge wells located around, that have been affected after constructing and paving 

Al-Sailah (especially in old city of Sana‟a). Boxes of buried boulders or filters, 

connected to the side walls of Al-Sailah by pipes or canals and installing recharge 

wells along the bed of Al-Sailah are some examples of techniques that can be used.   

5.7.5 Check dams 

Check dams are good  practiced  technology in the  basin,  stone masonry structures  

are constructed in the  streams  across the  water  way. Check dams are useful 

structures to recharged groundwater and near wells.  Moreover it can be used to 

convert runoff into canals or farms.  

Benefits of check dams (located in Bahman village, Beni Hushaish District, Sana‟a 

Basin) are already felt by communities. The annually Ground water declining cost 

farmers to deepen their wells and buy new pumps. However the implementation of 

this kind of dams helps to save formers money. Open dried-up dug wells have been 

restored as a result of the water levels that rise in the aquifer. Moreover the farmers‟ 

income has increased. 
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           Figure 5 - 23. Downstream of Check Dam Area 

Source: Alderwish (2010) cited from Stanley (2006) 
 

Check dams seems to be more economical and effective in groundwater recharge 

comparing to gravity dams. Average annual incremental recharge of Bahman check 

dams is 75000m
3
. The total cost of check dams construction is US $ 182,082. 

However the payback period of such dams was calculated to be two years. With 

only one fifth of cost of Beryan dam, one of the gravity dams in the basin, check 

dams shows triple amount of incremental recharged water than Beryan dam. Check 

dams recharge more than 57% of the stored water (Alderwish, 2010). 

According to Alderwish study at Dynamic recharge assessment (2010), check dams 

show the highest efficiency of recharge, percentage of 94% of efficiency has been 

achieved. Maintenance and silt removal should be overcome by establishment 

Water Users Association (WUA). 

To increase groundwater recharges such check dams are advisable to be in the 

southern part of the basin in both volcanic and an alluvial aquifers where sub-basins 

14, 18, 19, 20, 21, and 22 (see are situated). Moreover floods will be reduced since 

these sub-basins are located in the Upper part of the basin (Ward, et al., 2010). 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATIONS 

6.  

6.1 Conclusion 

 The potential amount of rainwater that can be harvested from the rooftops of Sana‟a 

city has been calculated: 

o Both ArcGIS and AutoCAD programs are used to digitize 2009 satellite image 

of the city. Digitizing map was combined with annual rainfall isohyets map. 

The output combined map has been used where the city was divided to south, 

middle and north zones depending on the average rainfall. 

o For each zone, the total rooftops area was calculated, and then rational method 

was applied to calculate runoff from rooftops. About 6.4 (MCM/year) was the 

total potential volume of rainwater that can be harvested from the roofs 

 Rainwater quality was assessed, the measured inorganic parameters met both WHO 

and Yemeni standards. In contrast, organic parameters exceeded the maximum 

allowable values. For insuring and improving water quality different measures and 

treatments were carried out. Filtering method using sliver filter has been chosen as a 

suitable method that proved its efficiency for the removal of biological contaminants 

and its acceptance among local people. 

 Using one system for harvested rainwater and network water was suggested and 

discussed.  
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 Different type of storage tanks have been identified through assessing the potential 

techniques, sizes and sites: 

o Evaluate and identify different techniques and types of tanks that can be 

implemented within Sana‟a considering the factors of cost. However, brick 

cement tanks were included as cheapest techniques but not practiced in Yemen.  

o Economically brick cement tanks were suggested for all water systems unless 

there are other factors make brick cement tanks impossible to be installed. 

Limited volume of brick cement tanks (from 0.5 up to 30m
3
) and its inability to 

withstand roof construction were the main factors that stand in the face of 

installing such brick cement tanks. Ferrocement, block and concrete tanks were 

the other options. 

o Matrix for the selection process of tanks has been developed based on many 

factors: cost, required capacity and space area availability. People preference 

also another factor that can play a major role in the tanks selection. 

 Other possibilities of RWH in the scale of Sana‟a basin have been identified: 

o More than 1615 dried-up wells become abandoned. So, different suggested 

techniques of rehabilitation were stated in order to benefit from dried-up unused 

wells through adapting them to recharge wells. 

o According to the type of dried-up well types, different options of ground filters, 

which can be suited with the well, have been illustrated by sketches. AutoCAD 

program has been used to draw cross sections of filters. 
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 With respect to the main objectives of the study, social survey as an important factor 

was carried out in order to get the information that aimed:  

o To get people opinion in RTRWH;  

o To assess quality, quantity, uses and resources of current supplied water; 

o To assess people awareness towards water scarcity in Sana‟a basin and; 

o To discover the existing RTRWH systems and their applications. 

More than 90% of interviewees are aware of water scarcity in Sana‟a basin while 86% of 

them are encouraging the idea of RTRWH. In term of willingness to cooperate/ pay, (41%) 

of the respondents, who encouraged the idea of RTRWH, are willing to participate 

practically, while, 38% of  them are willing to participate in both financially and 

practically, however only 3% are willing to take a part of financial participation. 40% of the 

respondents would use harvested rainwater for all domestic uses while 60% would use it 

for other uses rather than drinking purpose.  

While the owners and users of the 6 found existing RTRWH systems believe that the 

projects are feasible at least during the rainfall season, with different concepts of uses, they 

strongly encouraged the idea of spreading the RTRWH projects for the whole city. 
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6.2 Recommendations 

 Rainwater should be considered in the water management policies, strategies and 

plans in Sana‟a basin and other places in Yemen. 

 Rainwater quality requires further quality studies and test. Representative samples 

should cover different systems depending on the types and sizes of both tanks and 

roofs. Moreover, temporal and spatial distribution of the samples to cover the study 

area is an important required factor. 

 Beside brick cement and ferrocement tanks that have been suggested as cheap 

techniques by this study, Ghala basket, cement jars and concrete ring tanks are also 

other cheap techniques practiced in Kenya and required further investigation in 

order to be used locally.  

 Raising public awareness through awareness campaigns and workshops are required 

as a first step to promote the use of RTRWH harvesting.  

 Setting of laws, regulations, and building codes to use WH in old and new 

buildings is recommended. 

 In term of implementation, RTRWH systems should be initiated in government and 

public buildings as a motivational step.  

 At the same time, One system for different sources of water is recommended by 

this study, so rehabilitation the old systems to meet RTRWH requirements should 

be started with the appropriate once that required only cleaning and delivery 

systems. SFD as an experienced institutional and SWSLC as a responsible body of 

water supply are considered to develop a shared plan for existing systems 

rehabilitations.  
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 Introducing incentives is needed to play an important rule to encourage the use of 

WH as well as to help poor households.  

 Physical protection and frequently cleaning of RTRWH systems are recommended 

for better rainwater quality. Moreover, Mesh filter (course filter) should be fixed by 

the entrance of the gutters on the roofs to prevent debris, leaves and reduce the 

turbidity. Simple first flush device and filtering before drinking is recommended. 

 For the sustainability of the RTRWH, close cooperation between the government, 

the private sector, and the urban households is required; all stakeholders should be 

involved in all phases of planning, designing and implementing of RTRWH 

systems. Such cooperation will help in developing the ownership and skills of all 

participants, moreover, stakeholders‟ consultation and public participation is 

considered as key issues for WH systems success. 



 119  

 

 
 

REFERENCES 

Abdulla, F.A. and Al-Shareef, A.W. (2009), Roof rainwater harvesting systems for 

household water supply in Jordan. Desalination, 243(1-3), .195–207  

 

AL-Derwish (2010), Bahman Check Dams: Dynamic Recharge Assessment Report, 

Final Report, a work done for the Sana‟a Basin Water Management Project 

SBWMP.Sana'a, Yemen. 

 

Al-Khatib, I.A. and Orabi, M. (2004), Causes of Drinking Water Contamination in Rain 

Fed Cisterns in Three Villages in Ramallah and Al-Bireh District in Palestine. Eastern 

Mediterranean Health Journal, WHO, 10 (3), (pp.429-436). 

 

AL-Mujahed, A.(2010), Non-conventional Water Resources and How to Bring Them into 

the Fold, National Conference for Improving Water Resources Management, Accepted 

for Publication, Sana'a, 15-18 January 2011. 

 

AL-Nasiri, B. (2010), Evaluating the Health and Socioeconomic Impacts of Colloidal 

Silver Impregnated Ceramic Filters in 4 Villages in Amran Governorate, Unpublished 

Master Dissertation, Sana'a University, Sana'a, Yemen. 

 

Al-Salaymeh, A. and Al-Khatib, I.A. (2010), Quality of Drinking Water from Rainwater 

Harvesting Cisterns of Hebron City and Factors Affecting It,Unpublished paper. 

 

AL-SUBA'I, K.  BARAT, K. (2006), Ground water conditions of Sana'a City, Yemen 

Republic, The Geological Society of London,  IAEG(29.) 

 

AL-Zayed, I. (2010), Water harvesting and flash flood mitigation in wadi watier, south 

sinai, Egypt, Unpublished Master Dissertation, Jordan University, Amman, Jordan. 

 

Arrakis and Connect International (2006), Draft Short Manual On Fabricating Brick 

Cement Tanks, Retrieved on December 01, 2010 from 

http://www.arrakis.nl/reports/Manual_Fabricating_Brick_Cement_Tanks_short_03_l

r.pdf , Available on www.connectinternational.nl 

 

Arsham, Hossein, (2002), Questionnaire Design and Surveys Sampling. Retrieved on 

October 15, 2010, from http://home.ubalt.edu/ntsbarsh/Business-stat/stat-

data/Surveys.htm#rss. 

 

Bamatraf, M. A. (1994), Water harvesting and conservation systems in Yemen, FAO 

Proceedings of the Expert Consultation, Water Harvesting for Improved Agricultural 

Production, Water Report 3. 

 

Bancy, M. Mati, M.M. and Alex, O. (2006), Promoting Rainwater Harvesting, Eastern 

and Southern Africa, Paper no 1. 24, World Agroforestry Centre. United Nations Avenue. 

 

http://www.arrakis.nl/reports/Manual_Fabricating_Brick_Cement_Tanks_short_03_lr.pdf
http://www.arrakis.nl/reports/Manual_Fabricating_Brick_Cement_Tanks_short_03_lr.pdf
http://www.connectinternational.nl/
http://home.ubalt.edu/ntsbarsh/Business-stat/stat-data/Surveys.htm#rss
http://home.ubalt.edu/ntsbarsh/Business-stat/stat-data/Surveys.htm#rss


 120  

 

 
 

Bielefeldt, A.R., Kowalski, K. and Summers, R.S. (2009), Bacterial treatment effectiveness 

of point-of-use ceramic water filters. Water research, 43(14), .3559–3565  

 

Bruns, B and Taher, T. (2009), Yemen Water User Association Study: Findings and 

Recommendations for a Problem-Solving Approach. Sana'a, Yemen. 

 

Centre for Science and Environment (2005), Rainwater Harvesting And Utilization, An 

Introductory Guide for Decision-Makers, Tughlakabad Institutional area, New Delhi, 

India. 

 

Christian Fenger (2006), 40 Green World Actions: 40 manuals to improve the environment 

in rural communities, The GAIA-Movement Trust Living Earth Green World Action 

2006, 24-26. 

 

Critchley, W. Siegert, K. and Chapman, C. (1991), Water harvesting, A Manual for the 

Design and Construction of Water Harvesting Schemes for Plant Production,Retrieved on 

Novamber, 28, 2010 from http://www.fao.org/docrep/u3160e/u3160e00.HTM. 

 

Department of Economic and Social Affairs, UN, (2005), Designing Household Survey 

Samples, Practical Guidelines, Department of Economic and Social Affairs, Statistics 

Division, Studies in Methods, United Nations, New York. 

 

GAF (2005), Satellite Imagery/Data Analysis Study along with Ground Truth and 

Meteorological Monitoring, Draft Report. Sana‟a Basin Water Management Project, 

Yemen.  

 

GAF (2007), Satellite Imagery/Data Analysis Study along with Ground Truth and 

Meteorological Monitoring, Final Report. Sana‟a Basin Water Management Project, 

Yemen.  

 

GWP (2000), Integrated Water Resources Management, Global Water Partnership 

(GWP), Technical Advisory Committee Background (TAZ), Paper 4, Stockholm, 

Sweden. 

 

Handia, L., Tembo, J.M. and Mwiindwa, C. (2003), Potential of rainwater harvesting in 

urban Zambia. Physics and Chemistry of the Earth, Parts A/B/C, 28(20-27), .893–896 . 

 

Hartung, H and Kariuki, E. (2008), Guidline Book for Designing and Emplementing 

RWH Ferrocement Tanks, Social Fund for Devlopment, Sana'a, Yemen. 

 

HarvestH2o (2010), Rainwater Harvesting: Comparing Storage Solutions, Retrieved on 

December 02, 2010, from http://www.harvesth2o.com/rainwaterstorage.shtm 

 

 

Hellegers, P .  Perry, C. Al_Aulaqi, N.  Al_Eryani, A.  Al_Hebshi, M.(2008), Incentives to 

reduce groundwater extraction in Yemen. LEI Wageningen UR, The Hague. Project 

code 20954_2008_058 

http://www.fao.org/docrep/u3160e/u3160e00.HTM
http://www.harvesth2o.com/rainwaterstorage.shtm


 121  

 

 
 

Helmreich, B. and Horn, H. (2009), Opportunities in rainwater harvesting. Desalination. 

248(1-3), 118- 124. 

 

Hydrosult (2010), Assessment of the Water Resources of the Sana’a Basin Strategic 

Options for the Sustainable Development of the Basin’s Water Resources. Sana’a 

Basin Water Management Project, Sana‟a, Yemen. 

 

International Rainwater Catchment Systems Association,(2010), Factsheet: Domestic 

Roofwater Harvesting for Low Income Countries, Retrieved on October 24, 2010 from 

http://www.ircsa.org/factsheets/lowincome.htm 
 

Jacobson, N.S. Dobson, K. S. Truax, P. A. Addis, P. A. Koerner, K.. Gollan, J.K. Gortner, 

E and Prince, S.E. (1996), A component analysis of cognitive-behavioral treatment for 

depression. Journal of Consulting and Clinical Psychology, 64(2), 295-304. 

 

JICA (2007), The Study for the Water Resources Management and Rural Water 

Supply Improvement in the Republic of Yemen, Water Resources Management 

Action Plan for Sana'a Basin,Yemen. Earth System Science Co and Japan Techno, 

November, 2007. 

 

Kloss Christopher (2008), Rainwater Harvesting Policies, Managing Wet Weather with 

Green Infrastructure, Municipal Handbook, EPA-833-F-08-010. 

 

Lantagne  Daniele (2001a), Investigation of the Potters for Peace Colloidal Silver 

Impregnated Ceramic Filter Report 2: Field Investigations. Alethia Environmental. 

Allston, USA. 

 

Lantagne Daniele (2001b), Investigation of the Potters for Peace Colloidal Silver 

Impregnated Ceramic Filter Report 1: Intrinsic Effectiveness. Alethia Environmental. 

Allston, USA. 

 

Lifestraw (2010), Vestergaard Frandsen : LifeStraw®. Retrieved on November 06, 2010, 

from  http://www.vestergaard-frandsen.com/lifestraw  

  

Luke Mosley (2005). Water Quality of Rainwater Harvesting Systems, (Report 579) 

SOPAC Miscellaneous. 

 

Moita, G.F. de Las Casas, E. B. Mantilla Carrasco, E. V. Bonifácio, S. N. (2003), 

Experimental and numerical analysis of large ferrocement water tanks. Cement and 

Concrete Composites, 25(2), 243-251. 

 

 

Mwenge Kahinda, J.  Taigbenu, A.E. and Boroto, J.R. (2007), Domestic rainwater 

harvesting to improve water supply in rural South Africa. Physics and Chemistry of the 

Earth, Parts A/B/C, 32(15-18), 1050-1057. 

 

 

http://www.ircsa.org/factsheets/lowincome.htm
http://www.vestergaard-frandsen.com/lifestraw


 122  

 

 
 

National Audit Office (2000), A practical Guide to Sampling, Statistical and Technical 

Team. 

 

Netherlands Water Partnership, Aqua for All , Agromisa, Partners for Water, (2007), 

Smart Water Harvesting Solutions, Examples of innovative low-cost technologies for 

rain, fog, runoff water and groundwater. Stockholm, Sweden 

 

Niemczynowicz Janusz (1999), Urban hydrology and water management-present and future 

challenges. Urban water, 1(1), 1 - 14. 

 

Oweis, T. Prinz, D. and Hachum, A. (2001), Water harvesting. Indigenous knowledge 

for the future of the drier environments. International Centre for Agricultural Research 

in the Dry Areas (ICARDA), Aleppo, Syria,pp 40. 

 

Pace (2010), Brick Tanks for Rainwater Storage, action sheet 22. Retrieved on December 

02, 2010 from 

http://www.paceproject.net/UserFiles/File/Water/Brick%20tanks%20for%20storage.

pdf 

 

Peter-Varbanets, M. Zurbruugg, C. Swartz, C and Pronk, W. (2009), Decentralized systems 

for potable water and the potential of membrane technology, water research, 43(2), 245-

265. 

 

Prinz, D. (1996). Water Harvesting: Past and Future. In: Pereira, L.S. (ed.), Sustainability 

of Irrigated Agriculture. Proceedings, NATO Advanced Research Workshop, Vimeiro, 

21-26.03.1994, Balkema, Rotterdam, 135-144. 

 

Rain Foundation (2008), RAIN Water Quality Guidelines: Guidelines and practical 

tools on rainwater quality,(Version 1.). Amsterdam The Netherlands: Rainwater 

Harvesting Implementation,Network. 

 

 Roebuck, R.M., Ashley, R.M. (2006), Predicting the hydraulic and life-cycle cost 

performance of rainwater harvesting systems using a computer based modeling tool, 7
th

 

International Conference on Urban Drainage Modeling, Melbourne, Australia 4-6 April 

2006. 

 

Sana'a Water Supply and Sanitation Local Corporation (2009), Annual Report, General 

Department of Projects and Planning, Sana'a. 

 

Schaefer, M. (2008), Water Technologies and the environment: ramping up by scaling 

down. Technology in Society, 30(3-4), 415-422. 

 

 

Silver Filter (2010), The Silver Filter Company - Links, Retrieved on November, 9, 2010 

from http://www.silverfilters.org/links.html 

 

 

http://www.paceproject.net/UserFiles/File/Water/Brick%20tanks%20for%20storage.pdf
http://www.paceproject.net/UserFiles/File/Water/Brick%20tanks%20for%20storage.pdf
http://www.silverfilters.org/links.html


 123  

 

 
 

 

Simmons, G. Hope,V. Lewis, G. Whitmore, J and Gao, W. (2001), Contamination of 

potable roof-collected rainwater in Auckland, New Zealand. Water Research, 35(6), 1518 

- 1524. 

 

Sturm, M. Zimmermann, M. Schütz, K. Urban, W and Hartung, H. (2009), Rainwater 

harvesting as an alternative water resource in rural sites in central northern Namibia. 

Physics and Chemistry of the Earth, Parts A/B/C, 34(13-16), 776 - 785. 

 

Taher, T.M and Saleh, S.A. (2010), Guidelines for Roof Top Rainwater Harvesting 

Systems in the Republic of Yemen, unpublished paper. 

 

Texas Water Development Board (2005), The Texas Manual on Rainwater Harvesting, 

(3rd ed.). Austin, Texas. 

 

UNDP (2009), Effective Water Governance, retrieved November 28, 2010 from 

www.undp.org/water/about_us.html 
 

UNEP (2009), Rainwater harvesting: a lifeline for human well-being, United Nations 

Environment Program/SEI. 

 

Villarreal, E.L. and Dixon, A. (2005), Analysis of a rainwater collection system for 

domestic water supply in Ringdansen, Norrk\öping, Sweden. Building and Environment, 

40(9), 1174 - 1184. 

 

WEC (2001), Sana’a Basin Water Resources Management – project preparation 

technical study. Sana‟a University, Water & Environmental Center (WEC) Unpublished 

Report. 

 

WEC (2004), Sana'a Basin Water Resources Management Study (SBWRM-PPT): 

Sana’a Basin Water Points Inventory Project, Final Report. 

 

World Bank, Cities Alliance, Capital Secretariat of Sana‟a. (2009), Sana’a A City 

Development Strategy .Sana‟a, Yemen. 

 

World Bank, Cities Alliance, Capital Secretariat of Sana‟a. (2009), Sana’a A City 

Development Strategy. 

 

World Bank (2009), Natural Disaster Risk Evaluation and Urban Planning: Hazard 

Data Review and Analysis and Data Quality Assessment for Sana’a, Yemen. 

 

World Bank (2003), Sustainable Groundwater Management: Rationalizing 

Groundwater Resource Utilization in the Sana’a Basin, global water partnership 

associate program, Case Profile Collection Number 3. 

 

 

 

http://www.undp.org/water/about_us.html


 124  

 

 
 

 

Ward, C. Taher, T. Al Sakkaf, O. Saleh, A. Fadhel, N. Basuhay, S and Sultan, M. (2010) 

Action Orielnted Policy Paper, Assessment of Phase I and suggestions for Phase II of 

IWRM, a research work done for the Sana‟a Basin Water Management Project 

SBWMP.Sana'a, Yemen. 

 

WHO (1997), Guidelines for drinking-water quality, Second Edition,Volume 3, 

Surveillance and control, of community supplies, Geneva. 

 

WHO (1993), Guidelines on technologies for Water Supply Systems in Small 

Communities, Water Quantity and Quality, Amman: Eastern Mediterranean Regional 

Office, Center for Environmental Health Activities. 

 

Yujuico, E. and Gelb, B.D. (2010), Better marketing to developing countries: Why and 

how. Business horizons, 53, 501- 509. 

 

Zhu, K. Zhang, L. Hart, W. Liu, M and Chen, H. (2004), Quality issues in harvested 

rainwater in arid and semi-arid Loess Plateau of northern China, Journal of Arid 

Environments, 57(4) 487 - 505.  

 

 

 

 

 

 

 

 

 

 

 

 



 125  

 

 
 

Appendix (A): Fabricating Brick Cement Tanks 

 
How to build a brick cement tank (General steps) as in Pace (2010)

10
: 

 Number of bricks to be laid in one layer (X) = Circumference of tank / length of 

single brick 

 Number of bricks required for tank height (Y) = Height of tank / height of single 

brick 

 Total number of bricks = X * Y  

Step 1: Foundation 

 Clear the site free of bushes, tree stumps etc. to facilitate the ease of construction 

 Excavate foundation down to a firm ground depending on soil type 

 Fill it with hard core and compact well to level 

 Cut the reinforcements (weld mesh) to fit the floor slab area, tie with binding and 

place in position 

 Place the outlet and washout pipes tying them on to the reinforcement with binding 

wire. The pipes should project by 25cm into the proposed water tap area 

 Place a 2.5m long GI (galvanized iron) pipe exactly at the centre vertical to help the 

builder keep circumference when placing the bricks. Also fix the project 

reinforcement for the king post in position at the centre 

 Prepare a 1:2:4 concrete and compact it well to fill all voids to form a slab of 100-

150 mm thick, covering all the reinforcement and piping as necessary 

 Cover the newly cast slab with sacks or polythene sheet to keep it wet to cure at 

least for 1 day 

 

 

 

                                                           
 
 
10 Pace (2010), Brick Tanks for Rainwater Storage, action sheet 22, Retrieved on December 02, 2010 from 

http://www.paceproject.net/UserFiles/File/Water/Brick%20tanks%20for%20storage.pdf 

 
 

http://www.paceproject.net/UserFiles/File/Water/Brick%20tanks%20for%20storage.pdf
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Step 2: Wall Construction 

 Bricks can be laid in different ways i.e. lengthwise, across or both mixed depending 

on the desired wall thickness and size of bricks available to make a strong water 

tank 

 Remove the sacks/polythene and using a binding wire attached to the centre pipe, 

mark out 2 circles corresponding to the outer and inner diameter of the proposed 

brick wall 

 Soak bricks to be used in water overnight 

 Prepare a 1:3 mortar (cement: sand) and make a weak mix of water and cement and 

pour along the marked strip where the bricks are to be laid 

 Lay the bricks in the strip making sure that all joints are about 1 cm thick. Fill with 

mortar and compact well, while checking verticality of bricks 

 Build the brick wall making sure not to construct more than 1m high or 7 courses 

per day. A maximum tank height of 2m is preferable 

 Place a 2” overflow pipe at the top of the tank and build one extra course above it 

 

Step 3: Plaster and Roofing 

 Apply rough plaster on the inside of the tank with 1:3 (cement: sand) mortar to 

obtain an even surface. Then place a chicken wire mesh over the rough plaster and 

then apply the final coat of about 1 cm thick with cement slurry („nil‟) to make it 

watertight. Special cement (waterproof or other sealant) could be used where 

necessary 

 Provide a roof structure (concrete or iron sheets) to exclude dust, and sunlight, but 

with a suitable access manhole near the inlet down pipe 

 Fix the gutters ready to harvest rainwater from all sides of the roof  
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How to build a brick cement tank, (Example of 400 liter brick cement Tank) As in 

Arrakis and Connect International (2006)
11

: 

Materials for a 400 liter tank. 3 layers of bricks. Diameter 0.85 m. Height 0.70 m (Figure 

A-1): 

• 90 bricks (23 cm x 11cm), 

• 30 m black steel wire (1.5 mm), 

•1/2 bag of cement, 

• 2 bags of sand, 

• 0.5 m of 1” PVC pipe or other pipe. 

 

1. Take the materials to the place where you will build the tank. 

2. Clean surface of a round of diameter plus 0.5 m, make it horizontal and flat. 

3. Draw a circle of 85 cm, for instance with a piece of wire and 2 sticks 

4. Put a first round of bricks around this circle, with long sides vertical. Make sure that 

bricks are more or less straight and without obstacles 

5. Put a wire around the bricks, 3 cm from the top. Tighten the wire by making a loop 

on 1 end and pulling through the other end 

6. Put 2 other wires, 1 in the middle and one 3 cm from the bottom 

7. Put a second and a third round of bricks on top and also place wires, step 5 and 6. 

8. Make cement starting with 1/3 bag of cement. Mix 1 part of cement with 4 parts of 

sand, small gravel (if available), and water 

9. Apply a thin layer on outside and inside of the tank just to cover bricks 

10. Make a water outlet. a steel pipe or thick walled PVC pipe of 1 “ , 25 cm long 

 

                                                           
 
 
11 Arrakis and Connect International (2006), Draft Short Manual On Fabricating Brick Cement Tanks,       

Retrieved on December 01, 2010 from 
http://www.arrakis.nl/reports/Manual_Fabricating_Brick_Cement_Tanks_short_03_lr.pdf , 
Available on www.connectinternational.nl 

 
 

http://www.arrakis.nl/reports/Manual_Fabricating_Brick_Cement_Tanks_short_03_lr.pdf
http://www.connectinternational.nl/
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11. If steel is used weld pieces of round bar to it to fix it in the cement. If PVC is used 

put PVC glue and sand to increase grip of the Pipe in the cement, or make the PVC 

pipe end a bit square by heat from a fire 

12. Place it 3 cm from the bottom and make wall thickness at the part of the outlet 15 

cm thick 

13. Put cement on the floor of the tank 3 cm thick 

14. Mix only cement and water to form a thin solution and "paint" on the inside of the 

tank with a tool or large brush. Let it dry for about half a day. 

15. Let the cement cure, Cover the tank with plastic sheet or paper and KEEP IT WET 

during 10 days, Put water 2 times or more every day!! 

16. Place a filter (Sock or other piece) on the water outlet to filter impurities. This is 

important if the water is used for drip irrigation. It will keep the little holes from 

getting blocked.) 

If bigger tanks are needed make bigger circle and increase number of bricks and cement 

accordingly. 

Table (A-1) Materials needed for different sizes of brick cement tanks 

 

Source: Arrakis and Connect International (2006) 
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   Figure (A-1) Brick cement tank (400 Liter) Construction Used in Arrakis and CI 

projects 

Source: Arrakis and Connect International (2006)
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Appendix (B): Fabricating Straw Mat Tanks 

How to build a Straw Mat Tank (General steps) as Christian Fenger (2006)
12

: 

1. Take the materials to the place where you will build the tank. It should be a place 

where it is easy to collect water.  

2. A mat made of bamboo or strong grass is made into the shape of a cylinder or. 

There should be a double layer. Which means the mat can be cut into two long 

strips to make a small cylinder. Or use two mats to make a larger tank. 

3. Reinforce the cylinder with three circles of steel wire (Figure B-1). 

 

 

Figure B-1. Making the bamboo mat in a cylinder shape and reinforcing it with three 

circles of steel wire  
 

Source: Christian Fenger (2006) 

4. Mix 1 part of cement with 5 parts of sand, small gravel (if available), and water to 

make the bottom of the cylinder. 

                                                           
 
 
12 Christian Fenger (2006), 40 Green World Actions: 40 manuals to improve the environment in rural 

communities, The GAIA-Movement Trust Living Earth Green World Action 2006, 24-26. 
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5. Place a PVC pipe 20 cm long (8”) in the lower part of the cylinder. This tube will 

remain closed and only be used to drain the tank after cleaning. Place another PVC 

pipe 20 cm (8 inch) over the bottom of the tank. This tube will be the water outlet. 

6. Mix cement and water to form a thin solution and “paint” both the inside and the 

outside of the cylinder with a large brush (Figure B-2). Let it dry for about half a 

day.  

7. Mix 1 part of cement with 3 parts of sand and water. Place the mixture on both sides 

of the cylinder as thinly as possible - maximum 3 to 4 cm.  

 

 

Figure B-2.  Painting both the inside and the outside of the cylinder straw mat tank 

using water and cement solution and large brush 

 

8. The area where the tubes are, need to be reinforced with a thicker layer - about 7 to 

8 cm. The area where the wall ends meet the bottom should also be reinforced. 

9. Let the tank dry for 10 days in a humid environment - covered with grass or leaves 

and watered every day. 

10. Place a sponge or a piece of cotton in the water outlet to filter impurities. This step 

is also important if the water is being used for drip irrigation. It will keep the little 

holes from getting blocked. 
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Helmreich and Horn (2009)
13

 shows that Bamboo together with a polythene sheet can be 

used in building a basket structure tank. 

 

Figure B-3. Bamboo tank developed by ARTI in Pune, India, uses a polythene sheet in a 

basket structure 
 

Source: Helmreich and Horn (2009) 

                                                           
 
 
13 Helmreich, B. and Horn, H. (2009), Opportunities in rainwater harvesting. Desalination, 248(1-3), 118- 

124. 
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Appendix (C), Example of sanitary inspection form for rainwater collection 

and storage. (WHO, 1997) 
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Appendix (D): WH Yemeni Techniques  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

AL-Kohoof 1 

 

2 

 

Terraces on mountain slopes in the 

Yemen  

 

4 

 

Traditional water harvesting cistern 

 

6 

 

Karifs 3 

 

The ancient cistern of Beit Bawss. 

 

5 

AL-Berak AL-Asadiah  

 

1 
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Tawila Tanks, Adens  

 

8 a village community water harvesting 

sys 

 

7 
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Appendix (E): Some Meetings Pictures   
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Appendix (F): Questionnaires forms  
 

1. Questionnaires forms: 

1.1 Arabic Forms: 

 

 (1ّٔٛمط) لإؾبة إٌّبىي, اٍزج١بْ ػٓ اِىب١ٔخ ؽٖبك الاِطبه ِٓ اٍطؼ إٌّبىي ثّل٠ٕخ ٕٕؼبء

 معلىمبت عبمة

 التبريخ 

 الىقث 

 مىطقة الاستبيبن  

 رقم الاستبيبن 

 اسم الببحج 

(اختيبري)اسم االمبحىث    

 الجىس 

الاقتصبدي الاجتمبعي الىضع  

اٌّؤٖ   (اٌَّزٜٛ اٌزؼ١ٍّٟ)   1 

 2 وُ ػلك افواك الاٍوح؟  

؟(ِٕٙزه)ِب ٘ٛ ػٍّه     3 

ُ . أ   ٔؼ

 غ١و وبفٟ فٟ ثؼ٘ الاٚلبد . ة

 ٠غطٟ الإؽز١بعبد الأٍب١ٍخ  . د

 غ١و وبفٟ و١ٍب   . س

 أفوٜ . ط

ً٘ اٌلفً اٌْٙوٞ ٌٍؼبئٍخ ٠غطٟ ع١ّغ اؽز١بعبرىُ 

 ٛٛاي اٌْٙو؟
 

 ٔؼُ  . أ 

 لا . ة
 5 ً٘ أذ إلا ِٓ ٕٕؼبء ؟

ؼبء؟ِب ٍجت أزمبٌىُ ٌٍؼ١ِ فٟ ٕٕ ,ارا لا    6 

الميبي عه معلىمبت  

 ....وً وُ ٠برٟ اٌّبء..اٌْجىٗ . أ 

 ٚا٠زبد . ة

 الاِطبه . د

 ثئو فبٓ . س

 افوٜ . ط

ِب ٘ٛ ِٖله ا١ٌّبٖ اٌوئ١َٟ ٌلاٍزقلاَ إٌّيٌٟ 

 ٌل٠ه ؟
7 
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ُ . أ   ٔؼ

 لا . ة
 لا أػٍُ . د

 8 ً٘ رْؼو أْ ٘نٖ ا١ٌّبٖ ٕبٌؾخ ٌٍْوة ؟

 اٌْجىٗ ١ٌَذ ٔظ١فٗ . أ 

 اٌّٖله اٌوئ١َٟ غ١و ِٛصٛق . ة

ف ِقزٍٜ  ِغ ١ِبٖ اٌٖو . د

 اٌٖؾٟ

 (الأٍّلح)اٌيهاػٗ  . س

 ١ٍئاٌطؼُ  . ط

 ا١ٌّبٖ ٌٙب ٌْٛ  . ػ

 ؽلك.....غ١و مٌه  . ؿ

ٌّبما رْؼو ثأْ ٘نٖ ا١ٌّبٖ غ١و : إرا كبوث الإجببً لا

 ٕبٌؾٗ ٌٍْوة؟
9 

 ّجىخ ا١ٌّبٖ . أ 

 اٌٛا٠زبد  . ة

 وٛصو اٚ لٛاه٠و ا١ٌّبٖ . د

 ؽٖبك الاِطبه  . س

 فٍزو+ ِٓ اٌْجىٗ  . ط

 فٍزو+ اد  ٚاٞ . ػ

 1 ِٖله ١ِبٖ اٌْوة ٌل٠ه؟ِب ٘ٛ

 ...وً وُ ٠برٟ اٌّبء.. اٌْجىخ . أ 

 اٌٛا٠زبد  . ة

 وٛصو اٚ لٛاه٠و ا١ٌّبٖ . د

 ؽٖبك الاِطبه  . س

 افوٜ . ط

ٌلاٍزقلاَ  فٟ ؽبٌخ اْ ِٖله اٌوئ١َٟ غ١و وبفٟ

فّب ٘ٛ ِٖله ا١ٌّبٖ اٌضبٔٛٞ ٌل٠ه؟,  إٌّيٌٟ  
11 

ُ . أ   ٔؼ

 لا . ة
ٖ رؼزمل اْ ٘نا اٌّٖله اٌضبٔٛٞ ٔظ١ف ٌٍْوة؟   12 

 اٌْجىٗ ١ٌَذ ٔظ١فٗ . أ 

 ئ١َٟ غ١و ِٛصٛقاٌّٖله اٌو . ة

ِقزٍٜ  ِغ ١ِبٖ اٌٖوف  . د

 اٌٖؾٟ

 (الأٍّلح)اٌيهاػٗ  . س

 ١ٍئاٌطؼُ  . ط

 ا١ٌّبٖ ٌٙب ٌْٛ  . ػ

 ؽلك.....غ١و مٌه  . ؿ

ٌّبما رْؼو ثأْ ١ِبٖ اٌّٖله : إرا كبوث الإجببً لا

 اٌضبٔٛٞ غ١و ٕبٌؾٗ ٌٍْوة؟
13 

   الاجتمبعي الىعي

 ٔؼُ  . أ 

 لا . ة

ً٘ رؼزمل ثٛعٛ اىِٗ ِبئ١ٗ فٟ ٕٕؼبء؟   14 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 

 

 لٍخ الاِطبه . أ

 الاٍواف ثب١ٌّبٖ . ة

 اٍزقلاَ ا١ٌّبٖ ٌٍيهاػٗ . د

 الاثبه  . س

اٌٙغوٖ ِٓ ثم١خ إٌّبٛك اٌٝ  . ط

 ٕٕؼبء

 ..اٌوٕف,اٌمبد)ؽلك ..افوٜ . ػ

 ,ارا الاجببً بىعم

ثبػزمبكن ِب ٘ٛ اٌَجت اٚ الاٍجبة اٌّؤك٠ٗ اٌٝ ٘نٖ 

 الاىِٗ؟ 

15 

15,1 
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 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 ( )لا ( )ٔؼُ 

 

 ( )لا ( )ٔؼُ 

 

 ( )لا ( )ٔؼُ 

 ا٠مبف اٞ ؽفو عل٠ل ٌلاثبه  . أ

 ا٠مبف رؼ١ّك الاثبه اٌّٛعٛكٖ . ة

 رقف١٘ الاهاٟٙ اٌيهاػ١ٗ . د

, اٍزقلاَ ؽٖبك الاِطبه  . س

 ........فيأبد / ٍلٚك

كػُ ؽىِٟٛ لاٍزقلاَ  . ط

 اٌؾل٠شرىٌٕٛٛع١ب اٌوٞ 

 ِؼبلجخ اٌؾفو غ١و اٌّوفٔ . ػ

 الزواؽبد افوٜ . ؿ

 ثوا٠ه ِب ٟ٘ اٌؾٍٛي اٌَّزمج١ٍٗ ٌؾً ٘نٖ الاىِٗ؟

 

 

 

15.2 

زلالمىب اسطح مه الامطبر بحصبد متعلقً اسئلً   

 (إٍّذ)ٕجٗ  . أ 

 ثلاٛ . ة

 رواثٟ . د

 .......افوٜ  . س

 ِب ٟ٘ ٔٛػ١خ ٍطؼ اٌّجٕٝ؟

 

16 

 اهٟٙ . أ 

 ؽل٠ل . ة

 ثلاٍز١ه . د

 .. .افو  . س

 17 ٖ فٟ اٌّجٕٝ؟ِب ٟ٘ ٔٛػ١خ فياْ ا١ٌّب

ُ . أ   ٔؼ

 لا . ة

8 ً٘ رْغغ فىوح ؽٖبك الاِطبه ِٓ اٍطؼ إٌّبىي  

و١ّخ اٌؾٖبك غ١و ِغل٠ٗ اٚ  . أ 

 غ١و وفب٠ٗ

 لا ٠ّىٓ اٍزقلاِٙب  . ة

لا ٠ٛعل ٌلٞ ِىبْ وبفٟ ٌؼًّ  . د

 فياْ

 ِىٍف ِبك٠ب . س

 ؽلك.....غ١و مٌه  . ط

ِب ٟ٘ الاٍجبة؟: إرا كبوث الإجببً لا  

 

 

 

19 

  

 اٌَّبّ٘خ ثبٌّبي  . أ

 خ ثبٌؼًّاٌَّبّ٘ . ة

 لا اهغت . د

 افوٜ . س

رَبي ثم١خ الاٍئٍٗ  اما وبٔذ الاعبثٗ ٔؼُ : إرا كبوث الإجببً وعم   

فٟ ؽبٌخ البِخ ِْبه٠غ ؽٖبك الاِطبه ِٓ اٍطؼ 

هغجٗ ٌٍَّبّ٘خ فٟ ِضً ٘نٖ إٌّبىي ً٘ ٌل٠ه ا

 اٌّْبه٠غ؟

20 

20,1 

 

20,2 

 
 

20,3 

 ٌغ١ّغ الاٍزقلاِبد إٌّي١ٌٗ  . أ 

قلاِبد إٌّي١ٌٗ ٌغ١ّغ الاٍز . ة

 ِب ػلا اٌْوة 

 ٌٍزٕظ١ف ٚاٌغ١ًَ . د

 (هٞ الاّغبه)ٌٍوٞ ٚاٌزْغ١و . س

ٌلاٍزقلاِبد إٌّي١ٌٗ  . ط

 ٚاٌْوة فٟ ؽبٌخ اٌفٍزوٖ

 افوٜ . ػ

 لاٞ اغواٗ ٍزَزقلَ ١ِبٖ اٌؾٖبك؟

 

 

 

ُ . أ   ٔؼ

 

 لا . ة

فٟ ؽبي اصجذ ٔمبٚح ١ِبٖ الاِطبه ً٘ رؼزمل اْ 

اٌقياْ اٌؾبٌٟ وبفٟ ١ٌّبٖ الاِطبه ٚا١ٌّبٖ ِٓ 

ٖبكه الافوٜ ؟اٌّ  
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 ٔؼُ  . أ 

 

 لا . ة

ً٘ ٠ٛعل ٌل٠ه , اما الاعبثٗ لا فٟ اٌَؤاي اٌَبثك

اهٟٙ )ٌؾٖبك الاِطبه اٙبفِٟىبْ ٌؼًّ فياْ 

؟(اٚ ٍطؾٟ  

 

20,4 

 

20,5 

 

 فياْ اهٟٙ . أ 

 فياْ ثلاٍز١ه . ة

 فياْ ؽل٠لٞ  . د

فوٍّٕٚذ ِغ ِلاؽظخ أٗ لا  . س

٠ّىٓ اٌجٕبء ػ١ٍٗ اٚ اٍزقلاَ 

 ٍطؾٗ

 ............. افو . أ

أبد رفًٚ ٌؾٖبك الاِطبه اٞ ٔٛع ِٓ أٛاع اٌقي

 ِٓ اٍطؼ إٌّبىي؟

 

   :اسئلً اضبفيً حىل البيبرات

 ٔؼُ  . أ 

 لا . ة

 21 ً٘ أذ ًِٕٛ اٌٝ ّجىخ اٌٖوف اٌٖؾٟ؟

 اٌؾُٛ  . أ 

 اٌْبهع . ة

 22 ا٠ّٙب اهفغ اٌْبهع اَ اٌؾُٛ ؟

 اٌٝ ّجىخ اٌّغبهٞ  . أ 

 ٌٍوٞ . ة

 ..ؽلك...افوٜ . د

و١ف ٠زُ , في حبلة ان الشبرع ارفع مه الحىش

اٌّطو ِٓ اٌؾُٛ رٖو٠ف ١ِبٖ  
23 

 ٔؼُ  . أ 

 لا . ة

 24 ً٘ لّذ ثؾفو ث١بهٖ ٌٍج١ذ ؟  

 ِب ىاٌذ َِزقلِٗ ٌٍّغبهٞ . أ 

 رُ كفٕٙب ثؼل اٌز١ًٕٛ ٌٍْجىٗ  . ة

 ِٛعٛكٖ ٚغ١و َِزقلِٗ . د

 لا اػٍُ . س

, ارا الاجببً وعم  

 ِب ؽبٌذ ٘نٖ اٌج١بهٖ الاْ؟

25,1 

 فىوٖ ِّزبىٖ  . أ 

 لا أٖؼ ثٙب . ة

 .......ثَجت

اٌَزغٕٝ ػٕٙب ٚ  اٌج١بهاد رؼم١ُِب ها٠ه فٟ 

ٌؾٖبك الاِطبه ٌزغن٠خ ا١ٌّبٖ اٌغٛف١ٗ؟ اٍزقلاِٙب  

25,2 
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 (2ومىرج) للمؤسسبت والهيئبت الحكىميً,استبيبن عه امكبوية حصبد الامطبر مه اسطح المببوي بمذيىة صىعبء

 معلىمبت عبمة

 التبريخ 

 الىقث 

, مىطقة الاستبيبن 

 المؤسسً واسم

 رقم الاستبيبن 

ااسم    حجة

(اختيبري)اسم االمبحىث    

 الجىس 

الاقتصبدي الاجتمبعي الىضع  

(اٌَّزٜٛ اٌزؼ١ٍّٟ)اٌّؤً٘     1 

؟اٌؼب١ٍِٓ فٟ اٌّجٕٝ وُ ػلك     2 

؟(ِٕٙزه)ِب ٘ٛ ػٍّه     3 

ُ . أ   ٔؼ

 غ١و وبفٟ فٟ ثؼ٘ الاٚلبد . ة

 ٠غطٟ الإؽز١بعبد الأٍب١ٍخ  . د

 غ١و وبفٟ و١ٍب   . س

 أفو . ط

اؽز١بعبره ٛٛاي ً٘ اٌلفً اٌْٙوٞ ٠غطٟ ع١ّغ 

 اٌْٙو؟
4 

 ٔؼُ  . أ 

 لا . ة
 5 ً٘ أذ إلا ِٓ ٕٕؼبء ؟

الميبي عه معلىمبت  

 ....وً وُ ٠برٟ اٌّبء..اٌْجىٗ . أ 

 ٚا٠زبد . ة

 الاِطبه . د

 ثئو فبٓ . س

 افوٜ . ط

 6 ِب ٘ٛ ِٖله ا١ٌّبٖ اٌوئ١َٟ ٌلاٍزقلاَ فٟ إٌّْبٖ؟

  

 

 7 وُ رلفغ صّٕب ٌٙنٖ ا١ٌّبٖ ّٙو٠ب؟

ُ . أ   ٔؼ

 لا . ة
 لا أػٍُ . د

 8 ا١ٌّبٖ ٕبٌؾخ ٌٍْوة ؟ً٘ رْؼو أْ ٘نٖ 
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 ّجىخ ا١ٌّبٖ . أ 

 اٌٛا٠زبد  . ة

 وٛصو اٚ لٛاه٠و ا١ٌّبٖ . د

 ؽٖبك الاِطبه  . س

 فٍزو+ ِٓ اٌْجىٗ  . ط

 فٍزو+ ٚا٠زبد  . ػ

 9 ٚ ِٖله ١ِبٖ اٌْوة ٌل٠ىُ؟ِب 

 ...وً وُ ٠برٟ اٌّبء.. اٌْجىخ . أ 

 اٌٛا٠زبد  . ة

 وٛصو اٚ لٛاه٠و ا١ٌّبٖ . د

 ؽٖبك الاِطبه  . س

 افوٜ . ط

 بفٟفٟ ؽبٌخ اْ ِٖله اٌوئ١َٟ غ١و و

فّب ٘ٛ ِٖله ا١ٌّبٖ اٌضبٔٛٞ , ٌلاٍزقلاِبد اٌؼبِٗ

 ٌل٠ه؟

10 

ُ . أ   ٔؼ

 لا . ة

 ........ٌّبما؟اما لا 

ً٘ رؼزمل اْ ٘نا اٌّٖله اٌضبٔٛٞ ٔظ١ف ٚآِ 

 ٌٍْوة؟
11 

  

 

 12 وُ رلفغ صّٕب ٌّٖله ا١ٌّبٖ اٌضبٔٛٞ ّٙو٠ب؟ رمو٠جب

المىبزل اسطح مه الامطبر بحصبد متعلقً اسئلً  

 ثبٌٍجٓ اٌؼْبهٞ . أ 
 او ببلمتر كم الطىل والعرض

 اٌطٛي  . ة

 اٌؼوٗ  . د

 13 وُ اثؼبك ٍطؼ اٌّجٕٝ ؟ رمو٠جب

 (إٍّذ)ٕجٗ  . أ 

 ثلاٛ . ة

 رواثٟ . د

 .......افوٜ  . س

 ِب ٟ٘ ٔٛػ١خ ٍطؼ اٌّجٕٝ؟

 

14 

 اهٟٙ . أ 

 ؽل٠ل . ة

 ثلاٍز١ه . د

 ....افو  . س

 15 ٌّجٕٝ؟ ا١ٌّبٖ فٟ   ِب ٟ٘ ٔٛػ١خ فيا

اما وبٔذ اٌَؼٗ 

ثبٌٛا٠ذ ٠زُ 

اٌزؾل٠ل ٚا٠ذ 

  ج١وٕغ١و اَ و

 اٌَؼٗ ثبٌّزو اٌّىؼت . أ
 او 

 اٌَؼخ ثبٌجو١ًِ . ة
 او ابعبد الخسان التقريبيً ببلمتر

 اٌطٛي  . د

 اٌؼوٗ . س

 اٌؼّك . ط

 16 وُ ٍؼخ اٌقياْ اٚ اثؼبك اٌقياْ اٌزمو٠ج١ٗ ؟
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 ( للمشبريع القبئمة)استبيبن عه امكبوية حصبد الامطبر مه اسطح المىبزل بمذيىة صىعبء 

 (3ومىرج)

 معلىمبت عبمة

 ريخالث 

 الىقث 

 مىطقة الاستبيبن  

 رقم الاستبيبن 

 اسم الببحج 

(اختيبري)اسم االمبحىث    

 الجىس 

  المببوي اسطح مه الامطبر بحصبد متعلقً اسئلً 

 ف١لا . أ 

 ػّبهح . ة

 ِلهٍخ . د

 عبِغ . س

 افوٜ . ط

 1 ِٛلغ اٌّْوٚع ؟

 ثبٌٍجٓ اٌؼْبهٞ . أ 
 او ببلمتر كم الطىل والعرض

 اٌطٛي  . ة

 اٌؼوٗ  . د

؟ ( اوجٗ ي ؽٗ  اٌٌّ)ّجٕٝ وُ اثؼبك ٍطؼ اٌ

 ه٠جب د
2 

 (إٍّذ)ٕجٗ  . أ 

 ثلاٛ . ة

 رواثٟ . د

 .......افوٜ  . س

 ِب ٟ٘ ٔٛػ١خ ٍطؼ اٌّجٕٝ؟

 

3 

 اهٟٙ . أ 

 ؽل٠ل . ة

 ثلاٍز١ه . د

 ....افو  . س

 4 ِب ٟ٘ ٔٛػ١خ فياْ ؽٖبك ا١ٌّبٖ فٟ اٌّجٕٝ؟

 اٌَؼٗ ثبٌّزو اٌّىؼت . أ 

 اٌَؼخ ثبٌجو١ًِ . ة
 او ابعبد الخسان التقريبيً ببلمتر

 اٌطٛي  . د

 اٌؼوٗ . س

 ّكاٌؼ . ط

 5 وُ ٍؼخ اٌقياْ اٚ اثؼبك اٌقياْ اٌزمو٠ج١ٗ ؟

 ِجبكهٖ مار١ٗ . أ 

 ......ِّٛي ِٓ لجً  . ة

 6 ً٘ اٌّْوٚع ِجبكهٖ مار١ٗ اَ ِْوٚع ِّٛي؟

 7 وُ فوك ٠َزف١ل ِٓ ١ِبٖ الاِطبه فٟ ٔفٌ اٌّجٕٝ؟  
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 ٔؼُ فٟ ثلا٠خ وً ِطوٖ . أ 

 ٔؼُ فٟ ثلا٠خ ٍُِٛ الاِطبه . ة

 لا . د

 افوٜ  . س

ٌّطو اٌٝ فبهط ً٘ ٠زُ رٛع١ٗ عيء ِٓ ١ِبٖ ا

   اٌقياْ ٌغوٗ رٕظ١ف اٌَطؼ؟
8 

 ....اٌَطؼوً وُ .ٔؼُ   . أ 

 ....اٌقياْ               

 لا . ة

 9 ً٘ ٠زُ رٕظ١ف اٌَطؼ ٚاٌقياْ كٚه٠ب ؟

 ٌغ١ّغ الاٍزقلاِبد  . أ 

ٌغ١ّغ الاٍزقلاِبد ِب ػلا  . ة

 اٌْوة

 ٌٍزٕظ١ف ٚاٌغ١ًَ . د

 (هٞ الاّغبه)ٌٍوٞ ٚاٌزْغ١و . س

 افوٜ . ط

 ؾٖبك؟لاٞ اغواٗ رَزقلَ ١ِبٖ اٌ

 

10 

ُ . أ   ٔؼ

 لا . ة
 لا أػٍُ . د

 11 ً٘ رْؼو أْ ٘نٖ ا١ٌّبٖ ٕبٌؾخ ٌٍْوة ؟

 إٌظبَ ١ٌٌ  ٔظ١ف . أ 

 ١ٍئاٌطؼُ  . ة

 ا١ٌّبٖ ٌٙب ٌْٛ  . د

 ؽلك.....غ١و مٌه  . س

ٌّبما رْؼو ثأْ ٘نٖ ا١ٌّبٖ غ١و : إرا كبوث الإجببً لا

 ٕبٌؾٗ ٌٍْوة؟

12,1 

 ّجىخ ا١ٌّبٖ . أ 

 اٌٛا٠زبد  . ة

 وٛصو اٚ لٛاه٠و ا١ٌّبٖ . د

 ؽٖبك الاِطبه  . س

 فٍزو+ ِٓ اٌْجىٗ  . ط

 فٍزو+ ٚا٠زبد  . ػ

 12,2 ِب ٘ٛ ِٖله ١ِبٖ اٌْوة ٌل٠ه؟

 ......ٔؼُ    ِب ٟ٘  . أ 

 لا . ة
ً٘ ٠زُ اٍزقلاَ اٌقياْ ٌزقي٠ٓ ا١ٌّبٖ ِٓ ِٖبكه 

 افوٜ غ١و الاِطبه؟
13 

 

 

 فياْ اهٟٙ . أ

 فياْ ثلاٍز١ه . ة

 فياْ ؽل٠لٞ  . د

فوٍّٕٚذ ِغ ِلاؽظخ أٗ لا  . س

ٖ اٚ اٍزقلاَ  ٠ّىٓ اٌجٕبء ػً

 ٍطؾٗ

أبد رفًٚ ٌؾٖبك  أٛاع اٌـْ  ٛع اٞ ٔ

 الاِطبه ِٓ الاٍطؼ ؟
14 

ً٘ رؼزمل اْ اٌّْوٚع ِغلٞ ٠ٚمَٛ ثزٛف١و و١ّٗ لا  ..............اّوػ  

ثبً ثٙب ِٓ اٌّبء ٚاٌّبي ِمبهٔخ ثزىٍفخ اٌزٕف١ن فٟ 

..........                           .ؽبٌخ اٍزقلاِٗ ٌلاِطبه فمٜ؟

 ...ِطبه ٚاٌّٖبكه الافوٜ؟فٟ ؽبٌخ اٍزقلاِٗ ٌلا

15 

ثبٌّزو اٌّىؼت 

اٚػلك اٌٛا٠زبد ِغ 

 ِؼوفخ ؽغُ اٌٛا٠ذ

ُ . أ  ٔؼ

 ؽلك اٌى١ّٗ 

 ...........فٟ ٍُِٛ الاِطبه

 .....فٟ غ١و ٍُِٛ الاِطبه

 لا . ة

فلاي ٍُِٛ الاِطبه ً٘ رؾزبط اٌٝ ١ِبٖ ِٓ 

   ِٖبكه افوٜ 
16 

ُ . أ   ٔؼ

 لا . ة
7 ً٘ رٕٖؼ ثزٕف١ن ِْبه٠غ اٌؾٖبك فٟ اٌؼبّٕٗ؟ 
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1, 2. English Forms: 

Questionnaire about the Potential of RTRWH in Sana‟a, for Household  

(Form 1) 

General Information 

Date  

Time  

Place of Interview (Zone)  

Questionnaire NO  

Name of Interviewer  

Name of Interviewee, optional  

Gender  

 

Socio-economic Questions 

1 Education?   

2 

 

How many people live in your 

household? 

  

3 What do people do for living in 

your family? What is your job? 

  

4 Does your monthly household 

income cover all what you need? 

a) Yes 

b) insufficient at times 

c) covers only basic 

needs 

d) totally insufficient 

e) others 

 

5 Are you originally from Sana‟a? a) Yes 

b) No 

 

6 If not, why you or your fathers 

came to Sana‟a? 
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Questions on the general Water Situation 

7 What is your main water 

source for domestic use? 

 

a) Network 

b) Tankers 

c) Rainwater  

d) Own well 

e) Others 

 

8 

 

Do you feel that this source is 

safe for drinking? 

a) Yes 

b) No 

c) Don‟t know 

 

9 If not Why? a) Network isn‟t clean 

b) The source isn‟t 

reliable 

c) Mixed with sewage  

d) agriculture 

(fertilizers) 

e) tastes bad 

f) is colored 

g) others…. specify 

 

10 What is your drinking water 

source? 

 

a) Network 

b) Tankers 

c) Bottles or (Kother) 

d) rainwater harvesting  

e) Network + Filter 

f) Tankers + Filter 

 

11 

 

If the main source isn‟t enough 

for domestic uses, what is your 

second source?  

a) Network 

b) Tankers 

c) Bottles 

d) rainwater harvesting  

e) Other 

 

12 Do you think this second 

source is clean and safe for 

drinking 

a) Yes 

b) No 

 

13 If not Why? a) Network isn‟t clean 

b) The source isn‟t 

reliable 

c) Mixed with sewage  

d) agriculture 

(fertilizers) 

e) tastes bad 

f) is colored 

g) others…. specify 

 

 

 

 

Awareness Questions 

14 Are you aware that there is a a) Yes 

b) No 
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water scarcity in Sana‟a? 

15,1 If Yes 

What is the reason or reasons 

do you think? 

a) Rainfall is rare 

b) Irrational use of water 

c) Agriculture use 

d) Wells 

e) Immigration  to 

Sana‟a 

f) Others….. specify 

yes ( ) no ( ) 

 

yes ( ) no ( ) 

yes ( ) no ( ) 

yes ( ) no ( ) 

 

yes ( ) no ( ) 

 

15,2 In your opinion what is the 

future solution? 

a) Stop new well digging 

b) Stop deepening of 

wells 

c) Reduce irrigated area  

d) Water harvesting 

tanks/ dams/…….. 

e) Subsidize improved 

irrigation technology  

f) Punish illegal drilling  

g) Other suggestions 

 

yes ( ) no ( ) 

 

yes ( ) no ( ) 

yes ( ) no ( ) 

yes ( ) no ( ) 

 

yes ( ) no ( ) 

yes ( ) no ( ) 

yes ( ) no ( ) 

Roof Rainwater Harvesting  Related Questions 

16 What kind of cover the floor 

has? 

a) Concrete 

b) Ceramic 

c) Soil 

d) Other… 

 

17 What kind of tank do you have a) Underground tank 

b) Steel tank 

c) Plastic tank 

d) Other… 

 

18 Do you encourage the idea of 

roof rainwater harvesting? 

 

a) Yes 

b) NO 

 

19 If not,  

Why? 

a) It isn‟t feasible or 

enough 

b) unusable 

c) I  have no place  

d) I can‟t do it 

e) Other… 

 

20 

20,1 

 

 

If yes,  Would you be willing 

to participate in roof rainwater 

harvesting Projects? 

 

a) a) financially 

b) b) practically 

c) c) No 

 

For what purposes you will 

use this harvested water? 

a) All domestic uses 

b) All domestic uses 

except drinking 

 



 149  

 

 
 

 

 

20,2 

 

 

20,3 

 

 

 

 

20,4 

 

20,5 

c) Only for cleaning 

d) Gardening and 

irrigation 

e) Other…. 

In case the rainwater is pure, 

do you think the current tank 

is enough for harvested water 

and the other sours of water? 

 

a) Yes 

b) No 

 

 

If not, do you have another 

place for additional tank? 

 

a) Yes 

b) No 

 

 

What kind of tank do you 

prefer for water harvesting? 

a) Underground tank 

b) Plastic tank 

c) Steel tank 

d) Ferro -cement 

e) Other… 

 

Additional questions  

21 Is there a sewage system? a) Yes 

b) No 

 

22 Which is higher your yard or 

the street level? 

a) Yard is higher 

b) Street is higher 

 

23 In Case the street is higher than 

the yard level, how is rainwater 

discharged from the yard during 

the rainy seasons? 

a) To the sewage system 

b) For gardening 

c) Other 

Specify……… 

 

 

24 Did you had or have a cesspit? a) Yes 

b) No 

 

25,1 If yes, What  its condition? a) Still used 

b) Filled by sewage 

system 

c) Existed and unused 

d) Don‟t know 

 

25,2 What do you think if the unused 

cesspits are used as rainwater 

storage to recharge 

groundwater?  

a) Good idea 

b) Don‟t know 

c) Not advice 

Because…………… 
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Questionnaire about the Potential of RTRWH in Sana‟a, for Public Buildings  

(Form 2) 

General Information 

Date  

Time  

Place of Interview 

(Organization Name) 

 

Questionnaire NO  

Name of Interviewer  

Name of Interviewee, optional  

Gender  

 

Socio-economic Questions 

1 Education?   

2 

 

How many people are working 

here (in the organization)? 

  

3 What is your job 

(responsibility)? 

  

4 Does your monthly household 

income cover all what you need? 

f) Yes 

g) insufficient at times 

h) covers only basic 

needs 

i) totally insufficient 

j) others 

 

5 Are you originally from Sana‟a? a) Yes 

b) No 

 

Questions on the general Water Situation 

6 What is your main water 

source for domestic use? 

 

a) Network 

b) Tankers 

c) Rainwater  

d) Own well 

e) Other 
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7 

 

How much you pay for this 

source? Monthly 

 *1 $ = 215 YR 

8 

 

Do you feel that this source is 

safe for drinking? 

a) Yes 

b) No 

c) Don‟t know 

 

9 What is your drinking water 

source? 

 

a) Network 

b) Tankers 

c) Bottles or (Kother) 

d) rainwater harvesting  

e) Network + Filter 

f) Tankers + Filter 

 

10 

 

If the main source isn‟t enough 

for domestic uses, what is your 

second source?  

a) Network 

b) Tankers 

c) Bottles 

d) rainwater harvesting  

e) Other 

 

11 Do you think this second 

source is clean and safe for 

drinking 

a) Yes 

b) No 

 

12 How much do you pay for this 

second source? Monthly 

 *1 $ = 215 RY 

 

 

Roof Rainwater Harvesting  Related Questions 

13 What is the building floor 

(catchment area) size? Approx 

a) Length… 

b) Width… 

 

14 What kind of cover the floor 

has? 

e) Concrete 

f) Ceramic 

g) Soil 

h) Other… 

 

15 What kind of tank do you have a) Underground tank 

b) Steel tank 

c) Plastic tank 

d) Other… 

 

16 What is the size of the tank? 

Approximately 

a) Length… 

b) Width… 

c) Depth… 
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Questionnaire about the Potential of RTRWH in Sana‟a, for Existed Systems 

(Form 3) 

General Information 

Date  

Time  

Place of Interview (Zone)  

Questionnaire NO  

Name of Interviewer  

Name of Interviewee, optional  

Gender  

 

Rooftop  Rainwater Harvesting  Related Questions 

1 Project location? a) Villa 

b) Building 

c) School  

d) Massjed 

e) others 

 

2 What is the building floor 

(catchment area) size? Approx 

a) Length… 

b) Width… 

 

3 What kind of cover the floor 

has? 

a) Concrete 

b) Ceramic 

c) Soil 

d) Other… 

 

4 What kind of tank do you have a) Underground tank 

b) Steel tank 

c) Plastic tank 

d) Other… 

 

5 What is the size of the tank? 

Approximately 

a) Length… 

b) Width… 

c) Depth… 

 



 153  

 

 
 

6 Is the project self-initiative or 

funded project? 

a) Self-initiative 

b) Funded by 

…………….. 

 

7 

 

How many people getting 

benefits from the project? 

  

8 How do you use first flush for 

the purpose of roof cleaning? 

a) In the beginning of 

every rainfall event. 

b) In the beginning of 

rainfall season 

c) Don‟t use it 

d) Others….. 

 

9 Do you clean both rooftop and 

storage tank frequently?  

a) Yes, Rooftop 

every…. 

         Tank………… 

b) No 

 

10 For what purposes harvested 

water is used? 

a) All domestic uses 

b) All domestic uses 

except drinking 

c) Only for cleaning 

d) Gardening and 

irrigation 

c) Other 

 

11 Do you feel that harvested 

rainwater is safe for drinking? 

a) Yes 

b) No 

c) Don‟t know 

 

12,1 If not Why? a) Unclean System  

b) tastes bad 

c) is colored 

d) others…. specify 

 

12,2 What is your drinking water 

source? 

 

a) Network 

b) Tankers 

c) Bottles or (Kother) 

d) rainwater  

e) Network + Filter 

f) Tankers + Filter 

 

13 Do you use the current tank for 

harvested water beside water 

from other sources? 

 

a) Yes, Which……… 

b) No 

 

14 What kind of tank do you prefer 

for water harvesting? 

a) Underground tank 

b) Plastic tank 

c) Steel tank 

d) Ferro -cement 

e) Other… 
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15 For only harvested water, is this 

project feasible when compared 

to the cost of construction? 

What if it is used also for other 

sources?  

Explain Please…..  

16 During rainy season, do you 

need additional water? 

a) Yes,  

How much……… 

b) No 

 

 

17 Do you advice such project for 

the whole city? 

a) Yes 

b) No 

 

 



 155  

 

 
 

Appendix (G): Key informant interviews   

Eng, Abdulwahab M. Almujahed “the Head of Water and Environment Unit, Social Fund 

for Development” strongly welcomed the idea of RWH in Sana‟a. He stated that, in Sana‟a 

we don‟t have a continuous bumping in the public network, not only that, but also some of 

the connected areas doesn‟t receive water because of the pressure problems. Accordingly, 

the possibility of water quality deterioration is high. From this sense, rainwater quality may 

be much better than the quality of the public network water, ALmujahed added.  

From his point of view ALmujahed suggested that, the RTRWH projects should start in the 

areas where there is no network. In those areas, the SWSLC, as a responsible authority for 

water and wastewater systems, should adopt the idea of RTRWH projects Instead of 

constructing new network projects. He quoted Taize project, in which more than 1000 

(Sekaih) small tanks around Taiz have been sucssesfuly implemented, as a good example of 

such projects. There the people are happy and satisfied since their suffering has been 

reduced. From his economic point of view, ALmujahed recommended ferrrcement tanks as 

appropriate cheap tanks. 

ALmujahed as one effected by the rush of sewage during rainy season, ensured that the 

rainwater harvesting will limit and solve this kind of sewage flooding. The reason as he 

mentioned, network was designed only for a sewage water, nevertheless, some people 

discharge rainwater to this system especially whose yards are below the streets level he 

added. 

Answering the question about other possibilities of rainwater harvesting, ALmujahed 

criticized refilling the recharge ponds which were found almost everywhere in Sana‟a city. 

Such ponds were made to recharge groundwater. For the problem of sediments in the 

bonds, he mentioned sedimentation basins as an appropriate solution. 
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Eng, Abdulkarim AL-Fusail “NWRA senior staff” believe that the idea of RRWH will be 

feasible only for public buildings and More feasible in case of using RWH for agriculture 

sector. Alfusail signified reasons for the infeasibility of RWH in normal houses; the first 

reason is the inappropriate small roof areas of the houses, and the rare rainfall. Institutions, 

public and government buildings are appropriate for RTRWH projects because such 

buildings have appropriate roofs with suitable big areas. 

As he strongly supports the three following recommendations, Alfusail refers these 

recommendations to JICA report (2007) 

 A good management and searching for other alternative of water resources 

rather than ground water, will extend the underground water life not save it from 

drying up. 

  Irrigated agriculture depends upon groundwater should be stopped. Instead, 

agriculture should depend only on rainfall and treated wastewater. 

 Sana’a as a political, economical and agriculture capital, attract the people from 

different areas in Yemen. Consequently, Sana’a should be only a political capital. 

Eng, Abdulkhaleq alwan “IWRM Specialist at Department of Public awareness, NWRA - 

Sana'a Branch” ruled out the idea of RTRWH in sana‟a city. No one will implement such 

costly project as long as he has other sources such as network and tankers, Alwan added. 

On the contrary, Alwan mentioned the absence of any water sources in many villages in 

Yemen as a reason that led to the implementation of such projects. 

According to Dr, Taha Tahir “Faculty of Engineering, Sana’a University” not only 

legislations and lows are required in order to implement RTRWH, but also the government 

should start with its buildings as an encouraging step.  
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In the crowded areas where there are no enough places for RWH tanks, Dr, Tahir suggested 

a shard tanks in the appropriate empty areas.  

According to Dr, Abdula Noaman “Faculty of Engineering, Sana’a University” Two 

advantages of RTRWH, RTRWH is a mitigation tool against high pressure of demand in 

the network, as well as against the high load on the SWSLC. About the quality of RW Dr, 

Noamman said, at least we know from where the rain is coming not like tankers that come 

to the users from unknown sources. 

Eng. Abdulrahim AL-Hadidi, the general manager of licensing and water rights 

department. Put the idea of getting benift from the dried wells and use them to recharge 

ground water. Dried wells could be rehabilitated and used to recharge ground water. 

 

 

 

 

  

 

 



 158  

 

 
 

Appendix (H) Some of the Questionnaires Results: 

 Households Form 1, 

Not only population growth but also immigration to Sana‟a is being another factor 

that plays a role in the population growth in Sana‟a city (World Bank, et al., 2009; 

JICA, 2007). Questions (Q5 and Q6) have shown the in-originality of the 

interviewees and the reasons of their migration to Sana‟a. The big percentage of 

them (75%) is not originally from Sana‟a. Figure below shows that work was the 

main reason of the migration to Sana‟a.  

 

 

 

Work
85%

Living
8%

Problems
3%

Others
4%

q 6. For those who are not from Sana'a, Why 
Sana'a?

Work Living Problems Others

Concrete
54%

Ceramic
14%

Soil
31%

Other
1%

q 16.  Roofs Covers 

Concrete Ceramic Soil Other
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Underground 
Concrete 

Tanks
30%

Steel Tanks
67%

Plastic Tanks
3%

q 17.  Tanks Type

Underground Concrete Tanks Steel Tanks Plastic Tanks

Underground 
Concrete 

Tanks
58%Steel Tanks

2%

Plastic Tanks
37%

Ferro-cement 
Tanks

3%

q  20,5. Preferable Tanks for RTRWH

Underground Concrete Tanks Steel Tanks

Plastic Tanks Ferro-cement Tanks
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Existed Systems  Form 3, 
 

 

 

Underground 
Concrete 

Tanks

Steel Tanks, 2
Plastic 

Tanks, 1

Ferro-cement 
Tanks, 3

Recarge well, 
1

q  4. Tanks Type of RTRWH ExistedProjects

Underground Concrete Tanks Steel Tanks

Plastic Tanks Ferro-cement Tanks

Recarge well

Villa
1

Builiding
5School

3

Mosque
2

q  4. RTRWH Existed Projects Locations.

Villa Builiding School Mosque
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اليمن ،ار من اسطح المنازل لمدينة صنعاءدراسة امكانية حصاد مياه الامط  

  اػلاك 

 َِبػل ِؾّل ػملاْ

 

 اٌّْوف

 الاٍزبم اٌلوزٛه ػجبً اٌؼّوٞ

 

 اٌّْوف اٌّْبهن الاٚي

ٍزبم اٌلوزٛه لاهً ه٠جٟالا  

 

 اٌّْوف اٌّْبهن اٌضبٟٔ

 اٌلوزٛه ٛٗ ٛب٘و
 

 ملخص

 ١ّبٖ اٌغٛف١ٗؽبك ٌٍؼبٟٔ ِٓ اٍزٕياف ٠, ِٓ ٍىبٔٗ% 80رْىً ِل٠ٕخ ٕٕؼبء اٌنٞ , ؽٛٗ ٕٕؼبء

ؽٖبك الاِطبه ِٓ اٍطؼ إٌّبىي ٠ؼزجو ٚاؽل ِٓ  .ٚاٌزٟ ٍٕٚذ اٌٝ اهثؼخ اٙؼبف اٌزغن٠ٗ ا٠ٌَٕٛٗ

٠زُ ٌنا فّٓ اٌؾىّخ اْ . فٟ ِٛاعٙخ ّؾخ ا١ٌّبٖ اٌّزيا٠لٖ ثٗػلٖ ثبِلاك ١ِبٖ ػنٌق١بهاد اٌٛااُ٘ ا

 .ؽٖبك٘ب ٌلاٍزقلاِبد اٌّقزٍفٗ

فٟ ٘نٖ اٌلهاٍٗ رُ اؽزَبة و١ّخ ١ِبٖ الاِطبه اٌزٟ ٠ّىٓ ؽٖبك٘ب ِٓ اٍطؼ ِٕبىي ِل٠ٕخ ٕٕؼبء 

ِٕبٛك ثٕبء ػٍٝ اٌغياهٖ  رُ رم١َُ اٌّل٠ٕٗ اٌٝ صلاس.  2009اػزّبكا ػٍٝ ٕٛهٖ ع٠ٛٗ هل١ّٗ ٌٍؼبَ 

٠ّىٓ ؽٖبك٘ب ٠ٍٕٛب ِٓ اٍطؼ  ِٓ ١ِبٖ الاِطبه١ٍِْٛ ِزو ِىؼت  6.4اْ  اظٙود إٌزبئظ. اٌّطو٠ٗ

 .إٌّبىي

ع١ّغ اٌّّٛواد الافوٜ وبٔذ رؾذ , ثٕبء ػٍٝ رم١١ُ ١ِبٖ الاِطبه ٚثبٍزضٕبء اٌّّٛواد اٌج١ٍٛع١ٗ 

. WHOٌّؼب١٠و ا١ّٕ١ٌٗ ِٕٚظّخ اٌٖؾخ اٌؼب١ٌّخ ٌىً ِٓ ا اٌَّّٛػ ثٙب ٌّؼب١٠و ١ِبٖ اٌْوة اٌؾلٚك 

اٌغل٠و مووٖ اْ اٍزقلاَ اٌّوّؾبد ِضً اٌّوّؾبد اٌّط١ٍٗ ثبٌفٚٗ وف١ٍٗ ٌغؼً ِضً ٘نٖ ا١ٌّبٖ ٕبٌؾٗ 

 .ٌٍْوة

ِٓ الالً . ِٓ ٚعٙخ ٔظو الزٖبك٠خ رُ ٚٙغ ِٖفٛفٗ لافز١به ٚرؾل٠ل إٌٛع إٌّبٍت ِٓ اٌقيأبد 

ٛة الإٍّزٟ ٚاٌفوٍّٕٚذ ٚاٌجٍه ٚاٌقوٍبٔٗ اٌٍَّؾٗ رُ الزواؽٙب فٟ اٌٝ الاػٍٝ رىٍفخ فيأبد اٌط

 . اٌزىٍفٗ ٚاٌَّبؽٗ اٌّزٛفوٖ ٚونا ؽغُ اٌزقي٠ٓ اٌّطٍٛة اّ٘ٙب٘نٖ اٌلهاٍٗ ثٕبء ػٍٝ ػلح ِؼب١٠و 

١بً ٚػٟ اٌَىبْ اٌّؾ١١ٍٓ ٚاٍزؼلاكُ٘ ٌٍزؼبْٚ ٚاٌَّبّ٘ٗ ٚوناٌه لِٓ فلاي اٌلهاٍٗ الاعزّبػ١ٗ رُ 

اٌن٠ٓ رُ ِٓ % 85اوضو ِٓ . ؽٛي ؽٖبك ١ِبٖ الاِطبه ِٓ اٍطؼ إٌّبىياٌّقزٍفخ  ٚعٙبد إٌظو

ُِٕٙ ػٍٝ اٍزؼلاك ٌٍّْبهوٗ فٟ % 82. ٠لهوْٛ ّؾخ ا١ٌّبٖ ٠ْٚغؼْٛ فىوح ؽٖبك الاِطبه ِمبثٍزُٙ

 .ِضً ٘نٖ اٌّْبه٠غ

ػٓ  ثئو عبف ٌزؼًّ وبثبه رغن٠خ 1615اػبكح رب١ً٘ ػلك الزوؽذ اٌلهاٍخ  ،ػٍٝ َِزٜٛ اٌؾٛٗ

ٚاٌَلٚك اٌٖغ١وٖ ( اٌجون)ؽفو اٌزغن٠خ  ٚ اٌؾفو الاِزٖب١ٕخ. ع ِٓ اٌّوّؾبدػلح أٛاٛو٠ك رط٠ٛو 

  .رُ رؾل٠ل٘ب ِٕٚبلْزٙب وٍٛبئً افوٜ ٌزغن٠خ ا١ٌّبٖ اٌغٛف١ٗ


