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PREFACE 

In response to a request from the Government of the Republic of Yemen, the Government 

of Japan decided to conduct a study on the Water Resources Management and Rural Water 

Supply Improvement in the Republic of Yemen, Water Resources Management Action Plan for 

Sana’a Basin and entrusted the study to the Japan International Cooperation Agency (JICA). 

JICA selected and dispatched a study team headed by Mr. Hiroyoshi YAMADA of Earth 

System Science Co., Ltd. (ESS) and composed of ESS. and Japan Techno Co., Ltd., between 

February 2007 and October 2007.   

The team held discussions with the officials concerned of the Government of the Republic 

of Yemen, and conducted field surveys in the study area.  Upon returning to Japan, the team 

conducted further studies and prepared this final report. 

I hope that this report will contribute to the promotion of this project and to the 

enhancement of friendly relationship between our two countries. 

Finally, I wish to express my sincere appreciation to the officials concerned of the 

Government of the Republic of Yemen for their close cooperation extended to the study. 

 

November 2007 

   

   

Ariyuki Matsumoto 

Deputy President 

Japan International Cooperation Agency 
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LETTER OF TRANSMITTAL 

Dear Sir, 

 We are pleased to submit you the final report entitled “The Study for Water Resources 

Management and Rural Water Supply Improvement in the Republic of Yemen, Water Resources 

Management Action Plan for Sana’a Basin”.  This report has been prepared by the Study Team 

in accordance with the contracts signed on 30 January 2007 and 27 Apr 2007 between Japan 

International Cooperation Agency and the Joint Study Team of Earth System Science Co., Ltd. 

and Japan Techno Co., Ltd.   

 In the study, we examined the existing conditions related to water resources, 

socio-economy and institution and organization in Sana’a Basin, set the scenario to be followed 

for mitigation of the critical situation of water resources from the view point of utmost 

possibility of the implementation and presented the water resources management action plan for 

Sana’a Basin to be taken for achievement of the scenario.  

 The report consists of the Summary, Main Report and Supporting Report.  The 

Summary summarizes the results of all studies.  The Main Report contains the existing 

conditions, the future scenario to be followed, the water resources management action plan for 

Sana’a Basin, and conclusions and recommendations.  The Supporting Report includes 

technical details of the Study.  

 All members of the Study Team wish to express grateful acknowledgement to Japan 

International Cooperation Agency (JICA), JICA Advisory Committee, Ministry of Foreign 

Affairs, Embassy of Japan in the Republic of Yemen, other donors, NGOs and also to Yemeni 

officials and individuals for their assistance extended to the Study Team.  The Study Team 

sincerely hopes that the results of the study will contribute to the solution of the unprecedented 

critical condition of water resources in Sana’a Basin, and that friendly relations of both 

countries will be promoted further by this occasion. 

 

Yours Faithfully, 

     

Hiroyoshi Yamada 

Team Leader 
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EXECUTIVE SUMMARY 

1. BACKGROUND OF THE STUDY 

In Sana’a Basin, where the capital of Yemen is situated, development of deeper aquifer has been 

greatly increased to meet the dual demands of domestic water supply and irrigation.  As a 

result, the water shortage has become worse, and is now being accelerated by continued 

imbalance between annual recharge and the growing water demand.   

Sana’a Basin was designated to be “Water Protection Zone” by the Cabinet Decree No. (344) in 

2002, and was designated as the one of the five critical basins.  Then, the National Water 

Resources Authority Sana’a Branch (NWRA-SB) was established in 2003 to implement 

activities related to water resources management for Sana’a Basin.  Additionally, the Sana’a 

Basin Commission (SBC) was organized with the technical secretariat NWRA-SB to execute 

management of water resources in Sana’a Basin.  Comprehensive water resources studies 

inside Sana’a Basin have been conducted since 1970s; however, NWRA-SB has faced 

difficulties in implementing water resources management effectively.  In this context, the 

Government of Yemen requested the Government of Japan to execute the technical cooperation 

plan, to formulate water resources management action plan for Sana’a Basin, based on the 

existing data and information. 

2. FUTURE SCENARIOS BASED ON SOCIO-ECONOMY AND WATER DEMAND IN SANA’A 

BASIN 

(1) Future Water Balance 

The projected future water demand is gradually increased from 269.3 MCM in 2005, to 349.6 

MCM in 2020.  As the same time, renewable groundwater resources were estimated to be only 

50.7 MCM/year.  The balance, between renewable resources and demand is estimated to be 

minus 298.9 MCM in 2020, if the recharge amount is not changed.  The implication of these 

numbers is that non-renewable water resources will continue to decrease. Additionally, the 

estimated amount of usable groundwater in the existing data is 5,212 MCM.  Therefore, if the 

water consumption is continued in accordance with the projected future water demand, usable 

groundwater would not be able to meet the demand in the year of 2021, as shown in Figure 1.   

0

1000

2000

3000

4000

5000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

C
o

n
su

m
p

ti
o

n
 (

M
C

M
/y

ea
r)

0

1000

2000

3000

4000

5000

S
to

ra
g

e 
(M

C
M

)

Planned Annual Consumption (MCM)
Accumulated  Imbalance (MCM)
Storage (MCM)

 

Figure 1 Decreasing of Storage with Planned Future Demand 
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(2) Future Scenarios 

In order to keep sustainability of water resources in the Basin, all irrigation activities should be 

stopped and water to be supplied for urban areas should be nearly two thirds.  However it is 

unrealistic way considering that economic activities rely on the agriculture sector.  Therefore, 

all stakeholders are strongly required to reduce water consumption by 2020 at the very latest so 

as to obtain the opportunity to approach the next steps, in accordance with the scenario showing 

the direction towards reducing water consumption.  In this study, from the view point of this, 

the scenarios for water demand were considered.  Considered scenarios with a target figure in 

the year of 2020 are summarized in Table 1 and shown in Figure 2.  These four scenarios are 

prepared in combination with scenarios of five sectors.  Condition of setting for each scenario 

is as follows. 

- Scenario 1: The values for less contribution to reduction of water consumption in each sector 

   such as higher growth rate and lower irrigation efficiency, which are set in the 

   existing plan and set by the Study team, are applied. 

- Scenario 2: The values for the most possible reduction of water consumption set by the  

   Study team for urban area water supply and irrigation use that account for large 

   portion of total water consumption are applied. 

- Scenario 3: The values for the most possible reduction of water consumption set by the  

   Study team are applied to not only urban area water supply and irrigation use but 

   also industrial and touristic use. 

- Scenario 4: The values for the most possible reduction of water consumption set by the  

   Study team are applied to urban area water supply, industrial use and touristic 

   use.  For irrigation use, reduction of water consumption to 50 MCM is applied 

   taking into consideration the reuse of treated wastewater in the year 2020. 

Table 1 Summarized Scenario of Water Demand 

Urban Area Water Supply

(Domestic and Institutional)

Domestic Use in

Rural Area
Industrial Use Touristic Use Irrigation Use

Total
*8)

Consumption

Scenario

1

Population: 3,198,573 LPGR
*1)

Physical Loss: 14.6 MCM (20%)
*2)

Unit water consumption : 35 l/c/d
*3)

Population: 437,532
*5)

Unit water

consumption: 20

l/c/d
*5)

Historical growth

rate, DPPR
*6) Based on DPPR

No expansion of irrigated area since

2005

IE: 60%
*7)

Actual requirement: 83.68 MCM/year

MCM/year 73 3.2 9.5 7.1 139.5

Scenario

2

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)
*4)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

Historical growth

rate, DPPR
Based on DPPR

No expansion of irrigated area since

2005

IE: 70%

Actual requirement: 83.68 MCM/year

MCM/year 68.7 3.2 9.5 7.1 119.5

Scenario

3

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

No growth in

Industry inside

the Basin since

2005

No growth in

Tourism inside

the Basin since

2005

No expansion of irrigated area since

2005

IE: 70%

Actual requirement: 83.68 MCM/year

MCM/year 68.7 3.2 4.8 0.4 119.5

Scenario

4

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

No growth in

Industry inside

the Basin since

2005

No growth in

Tourism inside

the Basin since

2005

Reduce 11,111 ha of irrigated area out

of  18,954 ha

Install improved irrigation system for

7,843 ha

MCM/year 68.7 3.2 4.8 0.4 50

127.1

232.3

208

196.6

*1)  LPGR: Limited Population Growth Rate set in Sana’a Water Supply and Sanitation Project (SWSSP)  

*2)  Physical Loss, 20% is set in SWSSP 

*3)  Option 1 set in SWSSP, Minimum option, water is supplied of entire city population 
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*4)  Physical Loss, 15% is set by the Study team 

*5)  Population growth rate in rural area: 2.5%adopted by GARWSP and unit water consumption, 20 l/c/d: 

adopted by NWRA. 

*6)  Calculated value based on the Socio-economic development plan for poverty reduction (DPPR, 2006-2010) 

*7)  Irrigation efficiency 

*8)  Total consumption includes loss of water supply and overuse in irrigation 
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Figure 2 Scenarios for Water Demand (2005 – 2020) 

 

(3) Future Scenario towards Maximum Sustainability 

 Four scenarios aiming at reducing consumption of water resources set are evaluated taking into 

consideration the difficult condition of water resources, in order to select most reasonable 

scenario.  Result of evaluation of each scenario is as follows. 

- Scenario 1: Though the irrigation efficiency is set at 60%, there is a possibility of further 

   improvement of the efficiency by installing pipes for water conveyance.  In 

   addition, physical loss in urban water supply is set at 20%.  However, the  

   percentage of physical loss is able to be reduced by introducing the technology 

   of water leakage detector for invisible leakage from the ground.  Therefore, it 

   can be concluded that there is a possibility of further reduction of water  

   consumption in this scenario. 

- Scenario 2: Reduction of water consumption in irrigation use and urban area water supply 

   sectors which account for large portion of total water consumption, is the largest 

   as much as possible.  While no measure to reduce water consumption in  

   industrial and touristic use is taken.  Therefore, it can be concluded that there is 

   a possibility of further reduction of water consumption in this scenario. 

- Scenario 3: Reduction of water consumption in irrigation use and urban area water supply 

   sectors which account for large portion of total water consumption, is the largest 

   as much as possible.  In addition, control of the growth of water demand in 

   industrial and touristic sectors is set in this scenario.  Therefore it is concerned 

   that economic activities would be affected if further measures are taken to  

   reduce water consumption. 

Future Demand
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- Scenario 4: In addition to the settings in the scenario 3, water consumption for irrigation use 

   is set to be reduced to 50 MCM that corresponds to available treated wastewater 

   in the year 2020.  In this setting, farmers are required to reduce their irrigated 

   area to one third of present area and agricultural products would be decreased.   

   As a result, decrease of farmers’ income and adverse impact on agricultural  

   activities would be concerned.  Therefore, implementation of the scenario is 

   assumed to be very difficult. 

As mentioned above, there is a possibility of further reduction of water consumption in the 

scenarios 1 and 2.  Adverse impact on the agricultural activities is concerned in the scenario 4, 

though the amount of reduction is the maximum among above 4 scenarios.  Therefore, the 

scenario 3 which has possibility of implementation of measures and the most possible reduction 

amount of water consumption, is selected as the scenario towards sustainability of water 

resources in Sana’a Basin. 

By implementing the Scenario 3, water resources of 153 MCM in 2020 can be saved, in turn, 

the grace to be critical situation of water resources will be expanded until the year of 2036 that 

is around 30 years later from 2007.   

Improvement of the irrigation efficiency, improvement of the physical loss in the water supply 

in urban area, reuse of the treated wastewater for irrigation are the actions to be taken with top 

priority by the year of 2020 in conformity with the scenario 3.  Since the contribution towards 

reducing water consumption is very high and implementation of each component is practicable. 

However, it should be mentioned that though the Scenario 3 is completely implemented, the 

precious groundwater resources will be definitely in very critical situation in the year 2037. 

3. WATER RESOURCES MANAGEMENT ACTION PLAN 

(1) Contents of Action Plan 

In order to mitigate the critical situation facing water resources and to secure sustainable water 

sources for future generations, potential action plans, and related details, are listed in Table 2; 

these plans take into consideration the present condition of water resources and future 

socio-economic scenarios.  Each “Water resources management action plan” is composed of 

“Immediate Action Plan” and “Action to be taken for Long-Term Progress;” the former are the 

actions to be taken right away in order to achieve the Scenario 3, wich is to reduce 153 MCM of 

water consumption by 2030, greatly contributing to mitigate severe condition of water resources.  

The latter are concrete steps to enhance the long-term effectiveness achieved by the “Action 

Plan”.  Both will help mitigate severe water resources conditions, however, it should be noted 

that the amount of water that can be reduced is not clarified.  Therefore, understanding of 

present condition is the first step of any of these actions.   

Table 2 Actions to be Taken 

No. Contents of Water Resources Management Action Plan for Sana’a Basin 

Immediate Action plan 

1 Reduction of water consumption for irrigation purpose 

(1) Increasing the farmer’s perception of effectiveness of improved Irrigation System 

(2) Facilitation of farmers’ understanding not to expand their farmland 

(3) Installing improved irrigation system 

(4) Introducing watering control system with installation of water flow meter 

(5) Improvement capability of GDI/NWRA-SB staff in charge of irrigation activities 
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(6) Reconsideration of subsidizes for irrigation activity 

2 Reduction of physical loss of urban water supply 

(1) Promotion of understanding of water users in Sana’a city to accept the reduction of unit water 

consumption 

(2) Improvement of the capability of leakage detection 

(3) Monitoring the production amount and progress of improvement of losses 

3 Assuring reuse of treated waste water 

(1) Assuring the improvement of existing WWTP and new construction of WWTP 

(2) Planning the distribution of treated water 

(3) Promotion of farmers’ understanding of the treated wastewater use by the demonstration 

(4) Monitoring of water quality 

4 Control of consumption of industrial use 

(1) Preparation of inventory of existing water sources used in factories 

(2) Promotion of understanding of owners of factroies not to expand their activities inside Sana’a Basin 

(3) Reducing overuse of water in factories and reuse of water inside factories 

(4) Preparation of master plan for industrial sector taken into consideration water resources condition 

5 Control of consumption of touristic use 

(1) Preparation of inventory of water sources used for touristic use 

(2) Facilitation of hotel owners to understand not to expand their water consumption 

(3) Preparation of sector development plan wich considers the current condition of water resources. 

6 Institutional development 

(1) Finalization of the “Executive Regulation to the Water Law of 2002”, and development of the “Decree for 

Water Protection Zone of Sana’a Basin” 

(2) Increasing awareness of public and political leaders for water resource management 

(3) Respect to both traditional and tribal system 

(4) Improvement of decentralized framework of local administration and organization 

7 Organizational development 

(1) Enhancement of functions of NWRA SB as follows: (a)Develop of organizational structure, (b) Develop 

human resources, (c) Improve financial management, (d) Improve regulation and monitoring mechanisms 

(2) Promotion of incorporation of Local Council in the local organizational framework of basin-level water 

resources management  

(3) Promotion of involvement of traditional leaders and tribal institution in the implementation of water 

resources management, under the initiative of the Sana’a Basin Commission (SBC) 

(4) Improvement of awareness of Water User Association (WUA) for reducing water consumption 

Actions to be taken for Long-Term Progress 

1 Protection of groundwater resources from contamination 

(1) Control of contamination caused by discharge from factories 

  - Preparation of inventory of possible sources of groundwater contamination 

  - Increasing of  awareness of owners of factories, petrol stations, and small shops 

  - Enforcement of Article (54) of the Water Law and preparing its Executive Bylaw 

  - Preparation of collection system for the disposal of industrial wastewater 

(2) Control of over utilization of chemical fertilizer and pesticides 

2 Effective use of surface water 

(1) Increasing the effective use of water harvesting 

  - Preparation of inventory of existing water harvesting methods 

  - Promotion of farmers’ understanding to use water harvesting systems properly 

(2) Consideration of “recharge” and “sub-surface” dams: 

  - Monitoring and evaluation of on-going activities related to recharge improvement 

  - Consideration of integrated approach towards appropriate management of recharge systems 

3 Optimization of water supply covered by private suppliers in Sana’a city 

(1) Comprehension of the present situation of the private water supply and establish a database 

(2) Increasing the awareness of water saving practices among private suppliers  

(3) Introduction of meter-use for monitoring purposes 

4 Inter-Regional and Sectoral Reallocation of Water Resources 

(1) Reallocation of water from irrigation-use to to urban/ domestic-use 

(2) Promotion of understanding of the tribes to transfer water from their own land to other places, and to 

across the transmissions 
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(2) Implementation Schedule for Action Plan 

Proposed implementation schedule for Action Plan is shown in Table 3.  This schedule is 

prepared in consideration of the ongoing projects such as SBWMP and the rehabilitation of the 

WWTP, and should be re-scheduled based on the progress of each activity and in accordance 

with actual conditions on the ground, under the initiative of NWRA-SB, together with relevant 

organizations. 

Table 3 Proposed Schedule for Action Plan 

Responsible

Organization
*1 Status

*2 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

SBWMP

Action plan

(2) MAI Action plan

SBWMP

Action plan

(4) MAI Action plan

SBWMP

Action plan

(6) MAI Action plan

(1) SWSLC Action plan

SWSLC

Action plan

(3) NWRA-SB Action plan

SWSLC

Action plan

SWSLC

Action plan

(3) MAI Action plan

(4) NWRA-SB Action plan

(1) NWRA-SB Action plan

(2) NWRA-SB Action plan

(3) NWRA-SB Action plan

(4) MoI Action plan

(1) NWRA-SB Action plan

(2) NWRA-SB Action plan

(3) MoT Action plan

NWRA HQ

Action plan

(2) NWRA-HQ Action plan

(3) SBC Action plan

(4) SBC Action plan

(1) NWRA-SB Action plan

(2) SBC Action plan

(3) SBC Action plan

SBWMP

Action plan

*2) : "SBWMP" means that Sana'a Basin Water Management Pjoject has already addressed .

        "SWSLC" means that Sana'a Water Supply and Sanitation Local Corporation has already

addressed.

        "Action Plan" means that the schedule proposed in this

*1): MAI: Ministy of Agriculture and Irrigation

      SWSLC: Sana'a Water and Sanitation Local Corporation

      NWRA-HQ: National Water Resources Authority Headquarters

      NWRA-SB: National Water Resources Authority Sana'a Branch

      MoI: Ministry of Industry

      MoT: Ministry of Tourism

SWSLC

NWRA-HQ

Constant

Consumption of

Industrial Use

(1)

Institutional

Development

NWRA-SB

Action to be Taken

1

Reduce of Water

Consumption for

Irrigation Purpose

MAI

MAI

MAI

(1)

2

(3)

(1)

Assuring Reuse of

Treated

Wastewater

(2)

(2)3

(5)

SWSLC

SWSLC

6

Organizational

Development

(4)

5

7

Constant

Consumption of

Touristic Use

4

Reduce of Physical

Loss of Urban

Water Supply

 

   Note: Numbers appearing in parentheses in Table 3 (above) correspond to the same numbers found in “Part I: Immediate Action Plan” (Table 2). 
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CHAPTER 1 INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

In Sana’a Basin, where the capital of Yemen is situated, annual rainfall is limited; therefore, 

development of deeper aquifer has been exponentially increased to meet the demand of 

domestic water supply and irrigation accompanied with introducing of modern well drilling 

technology coupled with the large cash inflow that followed during the oil boom.  As a result, 

the water shortage has become worse and is now being accelerated by continued imbalance 

between annual recharge and the growing water demand.   

In order to mitigate this nationwide serious water problem, the Government of Yemen 

constituted the “Law No. (33) for the year of 2002 Concerning Water”, which was amended by 

Law No.(41) in 2006, in addition, Yemen established Ministry of Water and Environment 

(MWE).  Then, Sana’a Basin was designated to be “Water Protection Zone” by the Cabinet 

Decree No. (344) in 2002 as the one of the five critical basins. 

The National Water Resources Authority (NWRA) was delegated to formulate water resources 

management plan, to execute the integrated water resources management and to establish the 

basin commission.  Then NWRA Sana’a Branch (NWRA-SB), with responsibilities on the 

legal basis of delegation of power vested to by NWRA, was established in the year of 2003 and 

shall implement activities related to water resources management for Sana’a Basin.  Sana’a 

Basin Commission (SBC) was organized with the technical secretariat NWRA-SB to execute 

management of water resources in Sana’a Basin.  

The comprehensive water resources studies inside Sana’a Basin have been conducted since 

1970s and water resources management project has been launched in the year of 2003, however, 

NWRA-SB has faced difficulties to implement water resources management effectively. 

In this context, the Government of Yemen requested the Government of Japan to execute the 

technical-based cooperation agreement in order to formulate water resources management 

action plan for Sana’a Basin based on the existing data and information. 

1.2 OBJECTIVES OF THE STUDY 

The objectives of the Study are; 

(1) Formulate a water resources management action plan for Sana’a Basin based on existing 

 data and information, and 

(2) Transfer technology and knowledge regarding water resources management to the 

counterpart personnel through their direct participation into the Study. 

1.3 STUDY AREA 

The Study covers Sana’a Basin and its surrounding areas as shown in Figure 1.1.  All or some 

parts of seven districts belonging to Sana’a Province and Sana’a City are included in Sana’a 

Basin. Sana’a Basin is divided into 22 sub-basins. 
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1.4 IMPLEMENTATION OF THE STUDY 

The Study was conducted by the Japanese study team, comprised of members from Earth 

System Science Co., Ltd and Japan Techno Co., Ltd, officially retained by JICA for the purpose 

to conducting this Study, counterpart staff was provided by NWRA. 

 



Chapter 1: Introduction 

1 - 3 

Sub - Basin

1. Wadi Al Masham in i

2. Wadi Al Madini

3. Wadi Al Kharid

4. Wadi Al Ma'adi

5. Wadi A'sir

6. Wadi Khulaqah

7. Wadi Qasabah

8. Wadi Al Huqqah

9. Wadi Bani Huwat

10. Wadi Thumah

11. Wadi As S irr

12. Wadi A l Furs

13. Wadi A l Iqbal

14. Wadi Zahr & Al Ghayl

15. Wadi Hamdan

16. Wadi A l Mawrid

17. Wadi Sa'wan

18. Wadi Shahik

19. Wadi Ghayman

20. Wadi A l Mulaikhy

21. Wadi Hizyaz

22. Wadi Akhwar

Sub - Basin

1. Wadi Al Masham in i

2. Wadi Al Madini

3. Wadi Al Kharid

4. Wadi Al Ma'adi

5. Wadi A'sir

6. Wadi Khulaqah

7. Wadi Qasabah

8. Wadi Al Huqqah

9. Wadi Bani Huwat

10. Wadi Thumah

11. Wadi As S irr

12. Wadi A l Furs

13. Wadi A l Iqbal

14. Wadi Zahr & Al Ghayl

15. Wadi Hamdan

16. Wadi A l Mawrid

17. Wadi Sa'wan

18. Wadi Shahik

19. Wadi Ghayman

20. Wadi A l Mulaikhy

21. Wadi Hizyaz

22. Wadi Akhwar

9

2

5

14

3

8

18

11

4

13

16

1

6

19

7

22

17

21

10

20

15

12

Nehm

Arhab

Bani Matar Jahana

Hamdan

Al Taial

Sana’a

City

Sanhan and

Bani Bahlol

Bani Husheish

Belad Al Rous

Al Hassen

Al Haima

Al Kharaja

Khawlan

Al Taial

0 5 102.5

km

Saudi Arabia

Republic of Yemen

Oman

Somalia

Red Sea

Gulf of Aden

Sana’a

Legend

Boundary of District

Boundary of Sub-Basin

Asphalt Roads

Boundary of Sana'a Basin

 

FIGURE 1.1  STUDY AREA 

THE STUDY FOR WATER RESOURCES MANAGEMENT ACTION PLAN FOR SANA’A BASIN JICA

 



Chapter 2: Present Situation of Water Resources  
and Water Use in Sana’a Basin 

 2 - 1

CHAPTER 2 PRESENT SITUATION OF WATER RESOURCES 

AND WATER USE IN SANA’A BASIN 

2.1 GENERAL 

In this chapter, the present situations of water resources in Sana’a Basin, well known facing a 

critical situation, are described in order to understand the availability of water resources.  This 

is followed by the description of present condition of water use.   

2.2 WATER RESOURCES 

2.2.1 SURFACE WATER 

(1) Meteorology 

The average monthly temperature recorded at the station of NWRA-A from 1989 to 1997 ranges 

between around 15 and 25 C.  The maximum average temperature observed was 29.5 C and 

the minimum average temperature observed was 8.8 C.  Annual average temperature is 17.7 C. 

The annual rainfall recorded at NWRA-A from 1989 to 2004 ranges from around 110 mm to 

300 mm.  The maximum record of annual rainfall was 341 mm in 1998.  The rainy or wet 

seasons are generally from March to May and July to September.  The northeastern area in the 

Basin has less than about 200 mm/year rainfall and the central plain area has from 200 to 250 

mm.  In the southwestern mountainous area, the annual rainfall reaches more than 300 mm. 

The potential evaporation estimated by the Penman method averages about 2,000mm annually 

(Robertson, 1990).  Evapotranspiration estimated based on a meteorological statistic was an 

annual total of 2,475 mm (SAWAS, 1995).  According to estimations based on the satellite 

imagery analysis, the actual evapotranspiration in Sana’a Basin during the period from 1 July 

2004 to 30 June 2005 was 113.1 MCM (GAF, 2007).   

(2) Runoff 

Though wadi runoff is not monitored, two types of methods have been used to estimate the 

runoff volume of wadis in the previous studies.   

One method involves using a runoff coefficient, obtained via the hydrological observation of 

main wadis in Yemen.  The average runoff coefficient of 0.055 for wadis in Yemen was 

suggested based on observed flow volumes from primary watersheds and the volume of runoff 

in the Sana’a Basin estimated was about 40.9MCM/year (WRAY-35, 1995).  

Another method involves the estimation using the SCS method that is the empirical model 

prepared by the U.S. Soil Conservation Service.  Rainfall-runoff model was constructed and 

estimations indicated the total outflow of the Sana’a Basin about 27 MCM/year (TS-HWC Vol. 

III, 1992). 

(3) Usage of Surface Water 

Surface water is used for recharge, irrigation and domestic purposes, through 44 surface dams, 

24 dams/pools and 145 springs inside Sana’a Basin. 

Most of these dams are constructed to recharge groundwater.  15 dams are also used for 

irrigation and only three dams are used for domestic purposes.  15 dams, which may be 



Chapter 2: Present Condition of Water Resources,  
          and Water Use in Sana’a Basin 

 2 - 2

small-scale reservoirs constructed by rural people, are mainly used for irrigation purposes.  

The total volume of the annual flow or yield of dam sites is calculated to be 24 MCM. 

Concerning springs, 51 of 145 springs, 35%, are used for irrigation, 43 springs, 30%, for animal 

or livestock, and 49 springs, 34%, for domestic water use for rural areas.  The total yield of 

spring is estimated to be about 6 to 9 MCM. 

(4)  Potential of Surface Water 

Annual runoff was estimated to be between 27 MCM and 40.9 MCM depending on the method 

applied.  While usage amount of surface water was estimated to be 24 MCM/year through 

dams and 6 to 9 MCM/year from springs.  This indicates that, more than 75% of surface water 

resources have been already utilized.  

Therefore, it can be concluded that there is no enough potential to further develop the surface 

water inside Sana’a Basin. 

2.2.2 GROUNDWATER 

(1) Recharge 

Applied methods for the estimation of recharge are categorized into two types, one is a method 

based on the Darcy Law, and another one is the method using the recharge coefficient.   

In this study, the latest figure that is 50.7 MCM/year (Norman and Mulat 2007) is adopted as an 

annual recharge amount inside Sana’a Basin, which was estimated by using the recharge 

coefficient.  Because the value was calculated on the basis of the recharge amount as estimated 

each sub-basin, they can be utilized for sub-basin-wise consideration for water resources 

management. 

(2) Groundwater Storage 

The TS-HWC (1992) estimated groundwater storage and the usable storage in Sana’a Basin  

are 6,047 MCM and 3,221 MCM, respectively.  Then, WEC (2001) revised their approach by 

using updated water level data and estimated the storage volume for each groundwater province 

in the Basin.  The groundwater storage and the usable storage were estimated at 10,424 MCM 

and 5,212 MCM, respectively.  In this study, the latest estimated usable storage of 5,212 MCM 

was adopted.   

2.2.3 TREATED WASTEWATER 

Sana’a Wastewater Treatment Plant (WWTP) is located adjacent to the International Airport 

with design capacity to treat 50,000 m
3
/day and the amount of wastewater treated by the WWTP  

in 2006 was 16 MCM (44,000 m
3
/day).  Actually the WWTP is operating in an overloaded 

condition in terms of BOD5 and the wastewater is improperly treated.  Consequently, in an 

actual conditions, the treated wastewater cannot be considers as a usable water source.   

2.2.4 ALTERNATIVE WATER SOURCE OUTSIDE SANA’A BASIN 

Since the serious depletion of water resources in Sana’a Basin is well known, studies on the 

alternative water sources for Sana’a city from outside of Sana’a Basin have been conducted 

including utilizing desalination as one of the potential solutions.  Figure 2.1 shows the 

locations of these alternatives and Table 2.1 shows the results of the previous studies.   
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Figure 2.1 Locations of Alternative Water Sources 

 

Table 2.1  List of Alternative Water Sources 

Note: *1) SAWAS Technical Report No.14, Costs are based on the price level of April 1996. 

 *2) Exchange rate, 110YR/US$ in the year 1996 is applied. 

 *3) Public means the tariff of public water supply, 25.5 YR/m3 in the year 1998 

 

The total of expected production capacity that is around 58 MCM/year is possible to cover 

present water consumption in Sana’a city that is 54.2 MCM in 2005.  However, in order to 

cover the demand in 2020 that is 78.6 MCM, both alternative sources and groundwater 

resources inside Sana’a Basin should be utilized.   

Water tariffs of alternative water sources are from 5.6 to 10.4 times of that of public water 

supply which  source from surface water and groundwater.  As for a desalination system with 

transferring water from the Red Sea to Sana’a city, the difference in tariff is more than 32 times 

of the public water supply.   

The implementation of the water supply alternatives should be considered financially unrealistic 

from both an operational and maintenance point of view, even if adverse impacts on society and 

Production 

Capacity *1 

Construction 

Cost 

Recurrent 

Cost 
Unit Cost for Water Legal Feasibility Appreciation 

Source 

litter/sec Million US?$ 
Million 

USS$ 
US$/m3 *1 YR/m3 *2 

Cost/ 

Public
*3 

Source of 

Water 

Transport 

System 

Protecte

d Zone 

Restriction 

1 
Wadi 
Kharid Dam 

250 87.2 10.68 1.32 145 5.6 positive complex 
positiv

e 

- It will reduce availability of 

water along this wadi. Use of 

water of dam is known to be 

disputed between two tribes 

2 
Wadi 
Surdud Dam 

500 230.6 32.62 2.03 223 8.7 complex complex 
positiv

e 
-This affects groundwater 

recharge in Tihama area 

3 
Diversion 
from Mareb 
Dam 

500 284.4 37.58 2.33 256 10 complex complex 
negati

ve 

-Forceful objection from the 

farmers in the Mareb area can 

be expected. 

-It was not able to satisfy the 

requirement for irrigation in 

the down stream area 

4 
Deeper 
Pre-Jurassic 
Sandstone 

100 60.3 7.68 2.41 265 10.4 normal complex 
positiv

e 

-A growing fear among the 

population that their sources 

will dry up 

5 
Desalination 

(Red Sea) 
500 902.9 124.28 7.63 839 32.9 positive complex n.a. 

- Water has to be lifted nearly 

2700m with approximately 

150km transmission 

6 
Ramlat as 
Sabatayn 
Area 

Feasibility Study is planned by NWRA - - - 
 

7 
Wadi Al 
Masilah, 
Hadramawt 

not designed yet - - - 
- almost 700km transmission in 

straight line 
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the environment are mitigated. 

NWRA has planned to carry out studies on the feasibility of two other groundwater excavations 

outside of Sana’a Basin, namely the Ramlat as Sabatayn Area and Wadi Al Masilah, Hadramawt  

Therefore, it is preliminarily mentioned that feasibility of these two alternatives are very low. 

Consequently, these alternative water sources were concluded to be unfeasible, considering that 

the cost for maintenance should be borne by beneficiaries, even if the adverse impacts on 

society aspect and the environment are mitigated.  In order to resolve this issue, financial 

support from the Government may be required.   

2.3 PRESENT WATER USE 

2.3.1 DOMESTIC WATER USE 

(1) Urban Water Supply 

The main source of the public water supply for Sana’a City, which is operated by Sana’a Water 

and Sanitation Local Corporation (SWSLC), is groundwater abstracted from three main well 

fields with around 80 wells in operation.  For the year of 2005, 672,141 inhabitants were 

benefited and the total amount of water produced was 24.4 MCM where 12.5 MCM was 

consumed, with unit water consumption of 50.8 l/c/d.   

Population not connected to the public water supply system, which accounts for 1.17 million 

inhabitants, has obtained water from private water sources, such as private piped network, water 

tankers and treated water in containers.  Consumption of domestic water from private water 

supply was estimated for the year of 2005, at 29.9 MCM. 

(2) Rural Water Supply 

Domestic water consumption for rural areas was estimated for each sub-basin, adopting unit 

water consumption of 20 l/c/d and population based on results of the 2004 Census, with 

population growth rate of 2.5%.  The total amount of water consumed in the rural areas was 

estimated at 2.2 MCM and 2.3 MCM respectively for 2005 and 2006.   

According to the NWSSIP, the percentage of rural population with access to safe water accounts 

only to 25% for entire Yemen.  Applying this rate for Sana’a Basin, 0.6 MCM of water 

abstracted to serve the population through the public water supply system.   

2.3.2 AGRICULTURAL WATER USE 

Main irrigation methods used inside Sana’a Basin are furrow and small basin methods with 

water conveyed by pipes made by iron or plastic with considerable amount of water leakage and 

earth channels crossing tracks with long distance causing infiltration, evaporation and runoff 

losses.  Irrigation efficiency is very low and might be between 30 to 40% (Ministry of Water 

and Environment, 2006).   

In this study, agricultural water use was estimated for each sub-basin reanalyzing the previous 

study that has estimated the agricultural water use by calculating the actual evapotranspiration 

(ETa) through analysis of cropping pattern based on the satellite imagery analysis for the years 

of 2004/2005.  The irrigation efficiency adopted was 40% and the estimated total amount of 

water consumed in Sana’a Basin was 209.2 MCM for an irrigated area of 19,000 ha.   
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2.3.3 INDUSTRIAL WATER USE 

In this study, present water demand for industrial sector, was estimated based on the results of 

the study which used an alternative approach involving the use of “gross value of production 

(GVP)”and the “gross water requirement method”.   

Water consumption for manufacturing and, mining and quarrying industrial sub-sectors by the 

year of 2005 was estimated and the total amount of water consumed was 4.76 MCM.   

2.3.4 TOURISTIC WATER USE 

No studies have been carried out to estimate the water requirements for tourism sector.  In this 

study water consumption was estimated for hotels by classification and number of beds.  

Assuming that all hotels of Sana’a Governorate and Sana’a City are located inside Sana’a Basin 

and adopting bed occupancy rate of 40% and unit water consumption of 350 l/c/d, 180 l/c/d and 

210 l/c/d respectively for 5 to 4 stars hotels, 3 to 1 star hotels and traditional hotels.  The total 

amount of water consumed by hotels in 2005 was estimated at 0.36 MCM.   

2.4 WATER BALANCE 

2.4.1 WATER BALANCE IN ENTIRE SANA’A BASIN 

Water balance in Sana’a Basin was calculated in this study based on the existing data and the 

present water use.  As is shown in Table 2.2, the abstraction amount is almost six times the 

recharge amount.   

Table 2.2 Water Balance in Sana’a Basin (2005) 

Urban water use* 

Public Private 

Rural water 
supply 

Irrigation Industry Tourism Total Recharge Balance

24.3 29.9 0.6 209.2 4.76 0.36 269.1 50.7 -218.4

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

       Unit: million cubic meters 

 

Such an imbalance means that non-renewable water resources are consumed every year.  If this 

annual amount increases, non-renewable water resources will continue to be depleted.   

2.4.2 WATER BALANCE IN EACH SUB-BASIN 

Two types of detailed water balance evaluations in sub-basins have been provided recently by 

departments within SBWMP; one is the hydrological approach (Norman and Mulat, 2007) and 

another one is based on the satellite imagery analysis (GAF, 2007). 

Water balance studied by the hydrological approach is calculated by the recharge minus the 

abstraction from well and the balance estimated based on the satellite image analysis have used 

the irrigated area and the actual evapotranspiration assuming the irrigation efficiency of 60%.  

Table 2.3 describes the calculated water balance in the two previous studies.   
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Table 2.3 Water Balance in Sub-Basin by Hidrological Approach 

Recharge Abstraction
Return Flow

(30%)

Consumed

Volume

Revised

Balance
Rainfall 

Agriculture

Water Use

Total

Water Use

(Mm
3
) (Mm

3
) (Mm

3
) (Mm

3
) (Mm

3
) (Mm

3
) (Mm

3
) (Mm

3
)

1 Wadi Al Mashamini 0.9 0.85 0.26 0.6 0.3 0.66 22.6 0.6 0.7 3.1%

2 Wadi Al Madini 2.73 2.92 0.88 2.04 0.68 0.75 62.3 3 3.2 5.1%

3 Wadi Al Kharid 1.76 3.36 1.01 2.35 -0.59 1.33 26.7 2 2.2 8.2%

4 Wadi Al Ma'adi 1.71 2.67 0.8 1.87 -0.16 1.10 22.5 0.9 0.9 4.0%

5 Wadi A'sir 4.27 6.93 2.08 4.85 -0.58 1.14 52.4 5.1 5.2 9.9%

6 Wadi Khulaqah 1.54 2.12 0.64 1.48 0.06 0.96 13.6 1.6 1.6 11.8%

7 Wadi Qasabah 0.83 2.12 0.64 1.48 -0.65 1.78 16.2 1.6 1.7 10.5%

8 Wadi Al Huqqah 1.36 17.36 5.21 12.15 -10.79 8.91 31.4 9.7 9.9 31.5%

9 Wadi Bani Huwat 5.58 60.87 18.26 42.61 -37.03 7.64 67.4 32.4 51.8 76.9%

10 Wadi Thumah 1 3.25 0.98 2.28 -1.27 2.27 16.2 0.8 3.1 19.1%

11 Wadi As Sirr 3.81 39.06 11.72 27.34 -23.53 7.17 54 16.5 17.2 31.9%

12 Wadi Al Furs 0.79 13.6 4.08 9.52 -8.73 12.02 8.5 5.7 5.9 69.4%

13 Wadi Al Iqbal 2.31 17.46 5.24 12.22 -9.91 5.29 61.9 13.1 13.5 21.8%

14 Wadi Zahr & Al Ghayl 7.11 16.51 4.95 11.56 -4.44 1.62 132.1 10.9 12 9.1%

15 Wadi Hamdan 0.82 7.47 2.24 5.23 -4.41 6.36 18.9 6.8 7.6 40.2%

16 Wadi Al Mawrid 1.54 35.4 10.62 24.78 -23.24 16.04 48 5.8 90.9 189.4%

17 Wadi Sa'wan 1.41 8.82 2.65 6.17 -4.76 4.37 21.9 6.7 7.2 32.9%

18 Wadi Shahik 4.12 10.41 3.12 7.29 -3.16 1.77 69.9 6.9 8.3 11.9%

19 Wadi Ghayman 1.24 4.23 1.27 2.96 -1.72 2.39 41.6 3.7 3.9 9.4%

20 Wadi Al Mulaikhy 1.66 2.96 0.89 2.07 -0.41 1.25 22.8 2.3 2.4 10.5%

21 Wadi Hizyaz 1.92 3.17 0.95 2.22 -0.3 1.16 21.9 1.8 1.9 8.7%

22 Wadi Akhwar 2.32 8.44 2.53 5.91 -3.59 2.55 34.7 1.6 1.9 5.5%

50.7 270 81 189 -138.2 -4.02 867.2 139.5 253.1 29.2%Total

Sub-Basin

After Norman and Mulat (2007) After GAF (2007)

Water

Use/Rainfall

Comsumed

Ratio

/Recharge

 Source; Modified Norman and Mulat (2007); Modified GAF (2007) 

 

As shown in Table 2.3, the difference between recharge and abstraction is differs from sub-basin 

to sub-basin.  This tendency implies that these high imbalanced sub-basins would be quickly 

affected by severe water scarcity unless appropriate measures are taken. 

 



Chapter 3: Issues to be Considered in the Action Plan 

 3 - 1

CHAPTER 3 ISSUES TO BE CONSIDERED IN THE ACTION 

PLAN 

3.1 GENERAL 

In order to make clear the essential issues for smooth and effective implementation of water 

resources management for Sana’a Basin, then to formulate practicable action plan, present 

situation of aspects related to water resources management are considered based on the existing 

data and information, and summarized in each categories as mentioned in this Chapter. 

3.2 ISSUES TO BE CONSIDERED IN THE ACTION PLAN 

3.2.1 HUGE AMOUNT OF WATER CONSUMPTION FOR IRRIGATION PURPOSE 

In Sana’a Basin, annual water consumption for irrigation purpose is approximately 78% (209 
MCM) of a total water consumption of 269 MCM.  Mainly applied irrigation methods are the 
furrow and small basin methods and considerable amount of water is also lost by leakage from 
water conveyance pipes and joints with low irrigation efficiency ranging between 30 to 40%.  
Irrigation efficiency could be improved introducing improved irrigation system, change of pipes 
together with control system for appropriate watering for crops.  Sana’a Basin Water 
Management Project (SBWMP) has already introduced the improved irrigation system at some 
demonstration farms; however, its progress is very slow.  According to NWRA, it results in 
insufficient capacity of operation attributing to less experience related to the improved irrigation 
system.  Therefore, understanding of present situation of activities related to dissemination of 
improved irrigation system and its countermeasures. 

Qat, wihich is recognized from the view point of water resources management as a heavy water 

consumer, consumes nearly half of water consumed for irrigation.  In addition, dangerous 

pesticides which cause cancer are utilized in this plantation.   In addition, dangerous pesticides 

are utilized in this plantation.  Qat has high social and economical influence, however, no 

support for expansion of qat is necessary.   

Control of expansion of irrigated land, introduction of less water consumption crops should be 

considered simultaneously.  Control of illegal drilling that has been already conducted by 

NWRA-SB has to be continued.   

As for water consumption for irrigation, the following consideration should be also taken. 

‐ capacity development of the staff on financial, administrative and management aspects   

‐ registration of all wells inside Sana’a Basin and installation of meter with objective of 

understanding the quantity of water really abstracted   

‐ reduction of water loss by leakage   

‐ increasing public awareness on introducing water saving irrigation system   

‐ giving incentives such as increasing of yield of crops, saving money for pumping through 

the pilot project, and showing the period for cost recovery against investment (for 

introduction of improved irrigation system) 

‐ securing stable income by introducing less water consuming crops by creating market for 

the crops (for introduction of less water consumption crops) 
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3.2.2 PHYSICAL LOSS IN URBAN WATER SUPPLY 

According to SWSLC’s report, Non-Revenue Water (NRW) for the urban water supply in 2006 

was 38.8%  However, amount of water lost by leakage and illegal connection is not clear and 

great effort including technology and fund to clarify and reduce NRW is required.  SWSLC has 

already started to change pipes of the public network, with support from World Bank and a 

considerable decrease on NRW is expected.  Set of relevant tariff system also contributes to 

prevent overuse of produced water.   

Uncovered populations by SWSLC, which is 64% of total population in Sana’a City, have 

obtained water from private tankers and small scale networks with higher tariff and unsecured 

quality.  Establishment of monitoring system with private supplier’s agreement is required. 

As for physical loss in urban water supply, the followings should be also taken into 

consideration. 

‐ rather high investment cost and period are required to reduce water loss from the network 

‐ leakage detector and it’s operation technique are necessary 

‐ monitoring the distribution network to detect illegal connections 

‐ enforcement of regulations concerning periodical replacement or calibration of meters 

‐ increasing of awareness of private suppliers on water resources management 

‐ registration and monitoring of private wells installing meters with objective of understand 

the quantity of water abstracted, consumed by private suppliers   

 

3.2.3 REALLOCATION OF WATER RESOURCES 

Existing wastewater treatment plant (WWTP) is in operation since 2000 with the designed daily 

maximum capacity of 55,000 m
3
, which covers only 29% of urban population.  By the year 

2006, 16 MCM (44,000 m
3
/d) of treated wastewater could be regarded as available water 

resource.  However, the treated wastewater has been drained directly to an open channel in a 

wadi without any official purpose of use.  WWTP is actually working in an overloaded 

condition comparering the designed capacity and the improperly treated wastewater is drained 

to the wadi which is used by farmers to irrigate their farmlands.  This improperly treated 

wastewater, unaccountable as a water resource is also source of adverse impact for both 

environmental and human health.  If the treated wastewater with acceptable quality for 

agriculture is used for irrigation purpose, saved groundwater presupposed to be used in 

agriculture can be transferred to domestic purpose.  Improvement of existing WWTP and 

construction of new WWTP have been already launched by the initiative of SWSLC.  

Industrial wastewater is discharged directly to the public sewerage network without any 

treatment.  Installation of treatment facilities and reuse of treated wastewater by industries are 

other approaches that should be considered.   

As for availability of treated wastewater, the followings should be also taken into consideration 

‐ reduction of the water loss by evaporation and random abstraction of the treated wastewater 

‐ farmers’ acceptance for using treated wastewater for irrigation purpose and water tariff 

should be taken into consideration 

‐ enforcement of regulations concerning construction of treatment facilities by industries and 

incentives to reuse the recycled water should be taken in consideration 
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3.2.4 DIFFERENCE OF WATER IMBALANCE AMONG SUB-BASINS 

Cash crop, qat is considered heavy water consumers and consume more than 71% of total water 

consumed by irrigation in Sana’a Basin and demand of water for agriculture is expected to 

increase despite to the depletion of potential of groundwater.  Considering the higher yearly 

population growth rate at 5.5% observed in Sana’a City and the priority given by National Water 

Strategy for domestic water supply, transferring water from the irrigation purpose to the 

domestic purpose seems to be a favorable option.   

Allocation of water resources is set considering two policies, 1) Priority of allocation of water is 

given to the domestic purpose and 2) Clean and safe water shall be utilized for domestic purpose 

as much as possible.  Based on these policies, three options for allocation of water are 

presented, which are 1) irrigation use and watering for roadside trees to domestic use in urban 

area, 2) irrigation use to domestic use in rural area and 3) irrigation use in rural area to domestic 

use in urban area.  Simultaneously, potential of water resources in the regional level (e.g. sub 

basin level) shall be taken into consideration.  Approaches such as improvement of irrigation 

water use efficiency and reuse of treated wastewater for irrigation purpose shall be conducted 

simultaneously.   

 

3.2.5 INSTITUTIONAL DEVELOPMENT 

(1) Finalization of the Executive Regulation to the Water Law of 2002, and 

Development of Decrees for Water Protection Zone of Sana’a Basin 

Although the Water Law of 2002 is a first step of significance towards the State’s IWRM, some 

of political considerations in its basic provisions are the risk to decline its legal effect and 

validity of the Law itself.  These considerations include lack of provisions to introduce demand 

control measures such as groundwater abstraction metering, and water charge levying.  At 

present, Final Draft of Executive Regulation to Water Law of 2002 has been prepared, which 

may include provisions to groundwater abstraction metering and groundwater charge levying.  

Thus, parliament approval on the Regulation is highly looked forward. 

Another decision may have to lead to the efforts to develop the other bylaw for the “protected 

zone”, in particular for Sana’a Basin.  Considering time factors to increase social acceptance, 

thus, the bylaws for the” protection zones” of Sana’a Basin should have the objective of 

gradually and over time limiting abstraction to the annual natural recharge as a priority.  They 

should include; 1) a ban on well drilling for agricultural and irrigation use, 2) licensing of all 

wells, irrespective of depth, 3) mandatory water abstraction metering, and 4) a provision that 

may allow over time levying water charges for agricultural and irrigation use. 

(2) Increasing Awareness of Public and Political Leaders for Water Resource 

Management 

The measures taken in the Action Plan to address such water crisis may necessitates 

undertakings to increase public awareness and gradually establish public consensus for water 

resource management, which would duly changes political attitude and further increase political 

willingness towards it. 

Moreover, a package of public awareness campaign shall be developed and implemented 

suitable for the country’s unique socio-culture of “tribalism”.  Also, education and information 

network for tribal authorities may be established.  Provision of reliable information on the 

water crisis to the political entities shall be also significant.  Along with the awareness 
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campaign for the public in general, the “right” political decisions based on reliable evidence on 

the water crisis in future shall increase public support with “vote”. 

Those approaches for awareness and consensus building targeting for public, tribal communities, 

and political entities shall be taken in the Action Plan. 

(3) Distinctive Definition of Water Usufruct 

There are traditionally and customarily dominating legislative sources governing water 

resources management, such as Sharia’h, ‘urf, and the Civil Code, that define that land 

ownership gives the owner the full right and control over natural resources above and beneath 

(thus, surface and ground water) its surface. 

The Water Law of 2002 clearly defines that water is public property that is subject to the State’s 

administration and registration.  Hence, only water use right (usufruct) may accrue to 

individuals and entities based on the provision of the Water Law or on permit and licensing 

issued by the State.  This legal status of water defined in the Water Law shall be convinced to 

the public.  In this sense, parliament approval could be necessary for the effectiveness of the 

Action Plan, on the Executive Regulation of the Water Law of 2002 and such legal provisions, 

based on the Water Law as sole legal mean to regulate the water use right, instead of customary 

laws. 

(4) Respect on Traditional and Tribal System 

One of significant principles in institutional and administrative framework employed in the 

Water Law of 2000 is to delegate authorities in management of water resources.  Thus, 

improved participation of local institutions and communities in all the process of water resource 

management in decision making, execution and regulation and monitoring, becomes the most 

important determinant for the success of self-regulating mechanism for water management.   

Local institutions, not as formal but rater significant in their socio-culture, should include 

“tribes” or “tribal system”, which can not be ignored and, in fact, can be regarded as the most 

governing institution particularly in highland area of the country including areas of Sana’a 

Basin.  However, current institutional and organizational framework lacks effective mechanism 

to enhance active participation of “tribes” and “tribal system” in decision making and execution 

for improved water resource management.  Thus, channels and network to connect tribes and 

tribal system shall be identified and developed as it is possible.  In this line, establishment of 

network shall be considered, such as involvement of tribal authorities in Basin Committee could 

be considered.   

(5) Improvement in Decentralized Framework of Local Administration and 

Institution 

The Local Authority Law of 2000 and its Executive Regulation indeed share an extensive parts 

for the provisions in relation to water resource management determining functional roles of 

local councils at governorate and district level, local organs of line-ministries, community and 

community-based organizations, as well as means and procedure in its planning, execution, and 

regulation and monitoring.  However, the current institutional structure developed in Sana’a in 

accordance to the Water Law of 2002 seems to make less use of local institutions, particularly 

Governorate Local Council and District.  Thus, there are significant opportunities to improve 

decentralized framework of local institution and administration in Sana’a Basin, through full 

utilization of local capacity in Local Councils and institutionalization of those local institution 

of opportunity in the Basin management. 
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3.2.6 ORGANIZATIONAL DEVELOPMENT 

In decentralized organizational framework determined for the State’s IWRM and the basin-level 

water resource management in Sana’a Basin, the following organizations take leading roles and 

responsibilities; 1) NWRA-SB and Local Council as local authorities, 2) SBC as stakeholders’ 

platform for decision making in the basin management, and, 3) WUA as user community 

organization.  In this section, issues to be considered in organizational development plan under 

the Action Plan to be prepared under the Study are described. 

(1) NWRA Sana’a Branch (NWRA-SB) 

1) Organizational Structure 

NWRA-SB has two major departments – Department of Studies and Information, and; 

Department of Licensing and Public Awareness.  However, organizational bylaws that 

determines tasks and duties of NWRA-SB has not finalized yet.  Without finalization of 

organizational bylaws, further development of job-descriptions for each department/section 

and organizational charts defining interrelationship among departments/sections can not be 

possible at present.  Thus, there are strong needs to finalize their organizational bylaws 

and job-description based on tasks and duties allocated for them. 

2) Human Resources 

Staff capacity of NWRA-SB was assessed as low by a number of past studies, which 

suggest that technical capacity is still a major issue.  NWRA-SB was set up for 

basin-level management, but is only a few years old since its establishment in 2002.  In 

fact, most of current staff of NWRA-SB was transferred from various ministries and 

authorities involved in another sector development, so that most of current staff had not 

been equipped with their expertise in the water resource management with less training 

opportunities.  To enhance the authority’s technical capacity to carry out its mandates, the 

following areas were identified as priority; groundwater modeling, legal framework, 

regulation and enforcement, user participation in the basin management. 

Moreover, lack of sufficiently qualified staff is serious problem in NWRA-SB.  Relatively 

qualified staff of current tends to be contracted and employed by donor funded 

project/program.  There seems to be necessity to review staff remembrance/salary and to 

introduce an improved incentive mechanism through pay rises and promotion based on 

performance-based staff evaluation system. 

3) Financial Management 

IWRM requires coordination with other sub-sector not only in strategies and activities but 

also in investment plan.  MWE formulated the National Water Sector Strategies and 

Investment Program (NWSSIP 2005-2009) in 2005, through series of consultative 

meetings and consensus buildings with stakeholders as sole and prime national investment 

program for improvement of the water sector as a whole 

NWRA is the main executive authority to undertake the planned water resource 

management activities set forth in NWSSIP.  However, approved funds were only about 

67% of the requested investment budget.  Real expenditure of NWRA in 2006 was around 

89% of approved investment budget.  This simply implies both the government and 

NWRA could not meet the requirement in investment and planned activities determined in 

NWSSIP. 
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4) Regulation and Monitoring 

Regulation and monitoring is one of the most significant tasks and duties to be provided by 

NWRA-SB for its basin-level water resource management.  However, the improvement in 

this duty is very slow with only 43 well registered and licensed among a considerable 

number of wells in the Sana’a Basin.  Furthermore, scaling-up of registration and 

licensing seems to be rather challenging, when reviewing capacity of NWRA-SB in 

execution and enforcement of the regulation on the ground water sources without having 

adequate staff and budget for the field monitoring.  Thus, there is a significant need to 

develop mechanism on field monitoring network, in collaboration with other local 

authorities. 

(2) Local Councils 

Local Councils are also relatively new organization with its establishment has been facilitated 

since issuance of Local Authority Law in 2000.  Local Councils exists at governorate and 

district levels, of which tasks and duties in basin-level water resource management are 

supervision and enforcement of rules and regulations as it is observed in detail in the previous 

sections.  Although the executive organs for water resource management in Local Councils 

located in Sana’a Basin are not developed yet, and NWRA-SB seems to neglect the possibilities 

to cooperate with these local executive organs particularly for establishment of local monitoring 

network, it shall be further utilized and incorporated in the local organizational framework for 

the basin-level water resource management.   

(3) Sana’a Basin Commission (SBC) 

Since SBC had established, it meets fairly regularly at about 6 times in a year, and based on the 

advice with donor and expatriate experts, it appears that substantive decision are made and are 

considered from a multi-sectorial basis.  This is very positive.  However, the capacity for 

institutional arrangement to improve water management is insufficient.  Public institutions can 

not cope with tribal structures and local water users due to their strong autonomy.  The project 

would couple regulation with a participatory water resource management approach and a public 

information and awareness program. 

Thus, means create and maintain channels to involve traditional leaders and tribal institution in 

decision making, enforcement of self-regulating water management mechanism, e.g. 

involvement of them in SBC.  Furthermore, in order to strengthen regulatory and monitoring 

system, relevant supporting organizations such as the Ministry of Interior, Ministry of Local 

Administration, and Ministry of Justice to enforce water regulations, seems to be involved in 

SBC for its purpose. 

(4) Water User Association (WUA) 

Irrigation accounts for 90% of groundwater withdrawals in the country.  Thus, on-farm water 

savings to reduce non-beneficial water losses and thus to reduce pumping form a central pieces 

of the national water strategy set forth in the Water Law and decree that defines Sana’a Basin as 

one of the “protected area”.  To be successful, it needs collective effort and working closely 

with farmers through WUA and WUG.   

Currently, under the project component of “Demand Management and Irrigation Improvement” 

implemented by Sana’a Basin Water Management Project, traditional open channel flood 

irrigation is being replaced by modern irrigation technologies such as pipes with drip and 

bubbler.  The establishment of WUA forms an important part of this project component.  

Together with WUA formulation, demonstration farm (often 1-2 ha) has been selected for each 
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WUA and received investment in modern irrigation infrastructure. 

Establishment of demonstration farms is of vital significance.  The significance of the 

demonstration farms stems from the fact that they are the major source and means for 

convincing the farmers to adopt improved irrigation systems.  However, World Bank reported 

this activities are highly delayed, and has had a negative impact on farmers” acceptance of the 

new irrigation technologies (Baseline Survey for Future Impact Evaluation, Sana’s Basin Water 

Management Project, MWE (2006)).  Accompanied with this, farmer’s awareness raising 

appears also inadequate.  Some are hesitated in contribution to capital investment or in joining 

WUA.  Poor progress is also observed in installing and converting improved irrigation system 

with only 211 ha installed, or less than 5% of the project target.   

The key issue over longer term, herein, is the improved awareness of WUAs and WUGs.  Thus, 

the quality of WUAs/WUGs is a key need, and is more fundamentally important than the 

project’s achievement in terms of the number of WUGs and number of hectares.  In essence, it 

is more important to develop successful program than to achieve targets that are not replicable 

or of demonstration value because they have not succeeded.   

Accompanied with this, there is limited training for WUAs/WUGs in agronomic practices that 

will result in water waving.  Beneficiaries should be acquainted with appropriate cropping 

patters in order to adopt to growing less water consuming crops.  Training programs for the 

staff should emphasize efficient water use through proper knowledge of crop water requirements, 

irrigation scheduling and water saving, leading ultimately to increased productivity.   

3.2.7 CONTAMINATION OF LIMITED GROUNDWATER RESOURCES 

(1) Contamination in Urban Area 

Sana’a WWTP is working in an overloaded treatment capacity condition and the wastewater 

improperly treated has been drained directly to an open channel in the wadi.  The farmers have 

used this drained water for irrigation purpose.  NWRA-SB has started to raise awareness of 

these farmers not to use of the drained water to avoid health risk.  In addition, by infiltration 

into ground, quality of groundwater in downstream of the treatment plant has become worse as a 

reported case of Al-Masham Dam.  Improvement of existing WWTP and construction of new 

plant at downstream of wadi was planned by SWSLC.   

Pollution of groundwater by infiltration from cesspits is also reported.  Deterioration of 

groundwater quality by infiltration of sewage became visible as a high concentration of nitrate 

(NO3) and concentration two to three times higher than the World Health Organization (WHO) 

permissible limit for drinking water which is 50 mg/l were found in the older central part of 

Sana’a City.  Since the SWSLC and Sana’a Municipality have been aware of necessity of 

treatment of sewage, they allocated budget from Arab Fund and national budget to deal with this 

situation.   

Pollution caused by insufficient waste disposal in the petrol stations, car service shops and the 

medical units like hospital, laboratory and clinic and even industries are pointed since these 

establishments are not equipped with any wastewater treatment facilities and discharge of 

wastewater is presumably uncontrolled, unregulated and unmonitored.  Groundwater 

contamination caused by these individual factors has not been clarified, therefore, 

comprehensive groundwater quality survey and implementation of regulations concerning 

construction of treatment facilities on these establishments is required without late.   
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(2) Contamination in Rural Area 

In order to grow crops as much as possible, unfortunately, the farmers have overused not only 

water resources but also chemical fertilizer and pesticides.  Contamination of groundwater is 

observed along the wadis where agriculture activity is conducted.  The Government of Yemen 

has sanctioned the prohibition on use of some pesticides and fertilizers which might be one of 

the sources of groundwater pollution; however storage and disposal of livestock waste on land is 

also other pollution source effect widely the groundwater quality.   

Approaches to increase the awareness of farmers concerning the risks caused by over use of 

pesticides and fertilizers and also utilization of illegal chemicals is needed.   

Considering the situation, the Integrated Pest Management Plan for Grapes and Qat has been 

already launched by SBWMP in cooperation with the General Department for Plant Protection. 

(3) Concentration of Fluoride 

It was reported that the effects by high concentration of fluoride such as dental fluorosis and 

skeletal fluorosis were also observed inside Sana’a Basin.  The concentration of fluoride in 28 

of 202 wells (14%) exceeds the maximum permissible limit, that is, 1.5 mg/l and these are 

observed in the southeastern, western and north part of the Basin.  67 wells (33%) are in 

concentration of fluoride between 0.5 and 1.5 mg/l.  The causes of contamination is unknown 

such as if it originates from natural source or originates from infiltration of contaminated water 

and so on and only information available is that most of samples analyzed are located in an area 

of distribution of volcanic rocks.  However it is only a rough figure concerning contamination 

by fluoride.  Since the people who live in the high fluoride concentration area, have limited 

choice of water source for drinking purpose, the measures should be taken by the governmental 

body.   

As for the contamination of limited groundwater resources, the followings should be also taken 

into consideration 

‐ improvement of sewage network system shall be considered in order to meet the increasing 

population in the urban area in conformity with city development plans 

‐ enforcement of regulation for construction of wastewater treatment facilities for industries, 

petrol stations, car service shops, medical units and so 

‐ increasing awareness of farmers through education of effective farming technique 

‐ enforcement of regulation for use of internationally prohibited pesticides and fertilizers, 

and increasing awareness of farmers for the health and environmental dangers on 

utilization of such pesticides and fertilizers 

 

3.2.8 NECESSITY OF CONSIDERATION OF EFFECTIVE USE OF SURFACE WATER 

The precipitation inside Sana’a Basin, which varies from 200 mm/year in the northeastern area 

to 350 mm/year in the southwestern area, is low; therefore, State and farmers have made an 

effort to utilize these precious water resources as much as possible by the water harvesting 

methods and surface structures which also contributed to recharge the groundwater.  However, 

the dependence on the water harvesting systems has been decreased because of the expansion of 

farmland and the use of groundwater resources.  Therefore, appropriate action for 

improvement of recharge groundwater should be considered. 
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(1) Water Harvesting and Maintenance of Terrace 

Traditional water harvesting methods have been used in the country for a long time so as to 

obtain water for domestic, animals and irrigation purposes, and contributed to recharge 

groundwater simultaneously.  However, since agricultural activities have expanded with 

increase of consumption of groundwater, dependence on traditional water harvesting methods 

have been decreased.  Then terraces in mountainous region were sometimes abandoned 

without maintenance.  Considering the scarcity of water in the basin, such kinds of traditional 

methods shall be utilized as much as possible. 

(2) Consideration of Construction and Rehabilitation of Recharge and 

Subsurface Dam 

In general, dam has function of recharge to groundwater, indeed, recovery of water level of 

shallow wells was observed inside Sana’a basin.  However, NWSSIP points out that in spite of 

the tremendous efforts in dam construction in the country, dams that have been built have not 

stopped the continuously declining levels of groundwater or recovered the depleting aquifers in 

many basins.  Then, it concludes that dams’ policy should be accompanied by measures and 

actions to control and rationalize water demand.  

As for consideration of effective use of surface water, the followings should be also taken into 

consideration 

‐ increasing of awareness of farmers on necessity of water harvesting 

‐ availability of mountainous area for terraces 

‐ measures and actions to control and rationalize water demand 

‐ analysis of cost and benefit 

‐ possible adverse impact on social and environmental aspects and necessary mitigation 

should be made on the basis of the result of comprehensive study 
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CHAPTER 4 FUTURE SCENARIOS BASED ON 

SOCIO-ECONOMY AND WATER DEMAND IN SANA’A BASIN 

4.1 GENERAL 

In this Chapter, first, future water demand is projected in accordance with information provided 

by organizations concerned, in order to make clear the quantity of water which will be deficit, 

and how long the limited water resources will be able to be consumed inside Sana’a Basin.  

Then, the possible scenarios to mitigate the severe condition of water resources are considered.  

Based on these results, one scenario to be taken is chosen. 

4.2 FUTURE WATER DEMAND 

4.2.1 POPULATION FORECAST FOR SANA’A BASIN 

(1) Population Forecast for Sana’a City 

The population forecast for Sana’a City was done by the National Water and Sanitation 

Authority (NWSA) (2000), for the master plan for urban water supply and sanitation project, 

adopting three growth scenarios reflecting high, moderate and limited growth.  The assumed 

rate under the high growth scenario was 6.1% in 1997 and deceased to 4.2% in 2020.  

Assumed rates under the moderate and limited growth scenarios were 5.6% and 5.1% 

respectively in 1997, and decreased to 3.3% and 2.4% respectively in 2020.  Since the actual 

population growth rate for Sana’a City during the period between 1994 and 2004 was 5.5%, this 

figure is adopted as the growth rate at 2004.  The population forecast for Sana’a City is shown 

in Table 4.1.  The moderate growth rate was adopted for the population of Sana’a City. 

Table 4.1 Population Forecast for Sana’a City by Scenario 

Year High Growth Rate Moderate Growth Rate Limited Growth Rate 

1994 1,003,627 1,003,627 1,003,627 

2004 1,747,834 5.50 1,747,834 5.50 1,747,834 5.50 

2005 1,842,545 5.42 1,841,562 5.36 1,840,578 5.31 

2010 2,371,261 5.01 2,344,740 4.68 2,318,455 4.34 

2015 2,993,208 4.61 2,888,894 3.99 2,787,806 3.37 

2020 3,705,595 4.20 3,443,519 3.30 3,198,573 2.40 

Source: Statistical Year Book 2005 (population of 1994 and 2004) 

 

(2) Population Forecast for Rural Areas within the Basin 

The population within the Basin for the year of 2004 was calculated according to the percentage 

of the area of each district included in the Basin, and the population of each district based on 

results of 2004 Census.  For this calculation, it was assumed that the population is uniformly 

distributed within the district.  In this study, population forecasts for districts of Bani Husheish, 

Sanhan and Bani Bahloul, Hamdan, Arhab, Nehm, Al Taial, Bani Matar and Jahana were 

calculated based on a growth rate of 2.5% that was adopted by GARWSP.  Results of 

projections are shown in Table 4.2.   
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Table 4.2 Projection of Population by Districts within the Sana’a Basin 

District 

 

Year 

Bani 

Husheish 

Sanhan 

and 

Bani 

Bahloul 

Hamdan Arhab Nehm Al Taial 
Bani 

Matar 
Jahana Total 

1994 54,375  60,999  47,415 27,061 8,397 *** 34,370  *** 232,617 

2004 73,957  64,832  63,612 38,891 10,046 11,779 28,605  3,009  294,733 

2005 75,806  66,453  65,203 39,864 10,298 12,074 29,320  3,084  302,101 

2010 85,767  75,185  73,771 45,102 11,651 13,660 33,173  3,490  341,799 

2015 97,038  85,065  83,465 51,029 13,182 15,455 37,532  3,948  386,715 

2020 109,790  96,243  94,433 57,735 14,914 17,486 42,464  4,467  437,532 

* Growth rate: 2.5%, rate adopted by GARWSP         Unit: inhabitants 

 

(3) Population Forecast by Sub-Basin 

The population within each of 22 sub-basins, for the year of 2004, was calculated according to 

the percentage of the area of each district included in the sub-basin and population as calculated 

above.  The growth rate adopted for rural areas is 2.5%, and for the urban areas, moderated 

growth rate was adopted.  Results of estimations are shown in Table 4.3. 

Table 4.3 Population Forecast by Sub-Basin 

Year  

Sub-Basin 
2005 2006 2010 2015 2020 

1 Wadi Al Mashamini 5,480 5,617 6,200 7,014  7,936  

2 Wadi Al Madini 14,016 14,366 15,858 17,941  20,299  

3 Wadi Al Kharid 10,647 10,950 12,238 14,020  15,991  

4 Wadi Al Ma'adi 2,419 2,479 2,736 3,096  3,503  

5 Wadi A'sir 4,560 4,674 5,159 5,837  6,604  

6 Wadi Khulaqah 1,687 1,729 1,908 2,159  2,443  

7 Wadi Qasabah 4,624 4,740 5,232 5,919  6,697  

8 Wadi Al Huqqah 17,053 17,622 20,035 23,337  26,900  

9 Wadi Bani Huwat 1,104,206 1,161,546 1,403,916 1,728,142  2,058,854  

10 Wadi Thumah 148,600 156,316 188,929 232,556  277,057  

11 Wadi As Sirr 47,314 48,822 55,224 64,010  73,556  

12 Wadi Al Furs 10,185 10,440 11,524 13,038  14,752  

13 Wadi Al Iqbal 26,191 26,845 29,632 33,526  37,932  

14 Wadi Zahr & Al Ghayl 73,755 76,512 88,198 104,083  120,944  

15 Wadi Hamdan 55,268 57,953 69,306 84,537  100,186  

16 Wadi Al Mawrid 440,583 463,330 559,482 688,139  819,450  

17 Wadi Sa'wan 31,035 32,131 36,778 43,115  49,896  

18 Wadi Shahik 92,620 96,700 113,963 137,228  161,407  

19 Wadi Ghayman 18,321 18,779 20,729 23,453  26,535  

20 Wadi Al Mulaikhy 7,459 7,646 8,440 9,549  10,803  

21 Wadi Hizyaz 10,761 11,030 12,175 13,775  15,585  

22 Wadi Akhwar 16,835 17,255 19,047 21,550  24,382  

 Total 2,143,619 2,247,483 2,686,707 3,276,023  3,881,712  

Unit: inhabitants 

 

4.2.2 DOMESTIC WATER DEMAND 

(1) Urban Water Supply 

SWSLC had prepared the Development Program namely Sana’a Water Supply and Sanitation 

Projects (SWSSP).  Future water demand for urban areas was projected in the SWSSP with 

four alternative options and conditions, also and includes water demand of both domestic and 

non-domestic water use supplied by both public and private suppliers.  According to SWSLC, 

water supply for urban areas is forwarded in accordance with the Option 1, that is, 35 l/c/d for 

domestic consumption for the entire city population with designed physical loss of 20%.  
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Future water demand for the urban water supply is shown in Table 4.4. 

Table 4.4 Water Demand for Urban Areas 

Unit 2005 2006 2010 2015 2020

Population 1,841,562 1,937,783 2,344,740 2,888,894 3,443,519

Public water supply 672,141 696,141 1,104,115 1,763,511 2,582,639

Private water supply 1,169,421 1,241,642 1,240,625 1,125,383 860,880

Unit Consumption

Domestic

Option 1 Pub. Supply Pub. Supply 35.0 35.0 35.0

Option 2 50.8 51.6 59.7 69.9 80.0

Option 3, 4

Public water supply Priv. Supply Priv. Supply 80.0 80.0 80.0

Private water supply 70.0 70.0 35.0 35.0 35.0

Non-domestic

Option 1 ( % of total ) --- --- 30% 30% 30%

Consumption

Domestic

Option 1 30.0 36.9 44.0

Public water supply 12.5 13.1 32.2 51.5 75.4

Private water supply 29.9 31.7 15.8 14.4 11.0

Non-domestic

Option 1 ( MCM ) 1.3 1.6 12.8 15.8 18.9

Total Consumption

Option 1 ( MCM ) 43.7 46.4 42.8 52.7 62.8

Total Supply Requirement Including Physical Losses @ 20% of Production

Option 1 (MCM) 54.3 55.8 53.5 65.9 78.6

( no )

( l/c/d )

( MCM )

 
*Population estimated based on results of 2004 Census, under the moderate growth rate scenario 

*Population covered by the public water supply for 2005 and 2006 based on SWSLC annual report (2006) 

*Unit consumption of 2005 and 2006: based on SWSLC’s annual report (2006) for public water supply; and for the 

private water supply was estimated based on the Development Programme (2000) 

*Water consumption for non-domestic use was based on SWSLC’s annual report (2006) 

*Total Supply Requirement for 2005 and 2006 shows the total of water produced between the public water supply 

(based on SWSLC’s annual report (2006)) and assuming water consumption = water production, for the private 

water supply 

 

(2) Rural Water Supply 

GARWSP is of the governmental body in charge of planning and implementation of the rural 

water supply.  However, there is a lack of available information related to the projection of the 

future water supply.  Future water demand for this sector, therefore, is calculated based on a 

population growth rate of 2.5%, adopted by GARWSP for rural water supply projects, and the 

unit water consumption of 20 l/c/d, adopted by NWRA for water resources management by 

sub-basin, as shown in Table 4.5.   
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Table 4.5 Future Water Demand for Rural Area by Sub-Basin 

2005 2010 2015 2020 

Sub-Basin 

Population 
Water 

Demand 
Population

Water 

Demand 
Population

Water 

Demand 
Population 

Water 

Demand 

Wadi Al Mashamini 5,480  0.04 6,200 0.05 7,014 0.05 7,936  0.06 
Wadi Al Madini 14,016  0.10 15,858 0.12 17,941 0.13 20,299  0.15 
Wadi Al Kharid 9,294  0.07 10,515 0.08 11,897 0.09 13,461  0.10 
Wadi Al Ma'adi 2,419  0.02 2,736 0.02 3,096 0.02 3,503  0.03 
Wadi A'sir 4,560  0.03 5,159 0.04 5,837 0.04 6,604  0.05 
Wadi Khulaqah 1,687  0.01 1,908 0.01 2,159 0.02 2,443  0.02 
Wadi Qasabah 4,624  0.03 5,232 0.04 5,919 0.04 6,697  0.05 
Wadi Al Huqqah 11,834  0.09 13,389 0.10 15,149 0.11 17,139  0.13 
Wadi Bani Huwat 15,013  0.11 16,986 0.12 19,218 0.14 21,744  0.16 
Wadi Thumah 2,058  0.02 2,329 0.02 2,635 0.02 2,981  0.02 
Wadi As Sirr 35,392  0.26 40,043 0.29 45,305 0.33 51,258  0.37 
Wadi Al Furs 10,185  0.07 11,524 0.08 13,038 0.10 14,752  0.11 
Wadi Al Iqbal 26,191  0.19 29,632 0.22 33,526 0.24 37,932  0.28 
Wadi Zahr & Al Ghayl 40,281  0.29 45,574 0.33 51,563 0.38 58,339  0.43 
Wadi Hamdan 7,539  0.06 8,530 0.06 9,650 0.07 10,919  0.08 
Wadi Al Mawrid 10,830  0.08 12,253 0.09 13,863 0.10 15,685  0.11 
Wadi Sa'wan 19,312  0.14 21,850 0.16 24,721 0.18 27,970  0.20 
Wadi Shahik 28,010  0.20 31,691 0.23 35,855 0.26 40,567  0.30 
Wadi Ghayman 18,321  0.13 20,729 0.15 23,453 0.17 26,535  0.19 
Wadi Al Mulaikhy 7,459  0.05 8,440 0.06 9,549 0.07 10,803  0.08 
Wadi Hizyaz 10,761  0.08 12,175 0.09 13,775 0.10 15,585  0.11 
Wadi Akhwar 16,835  0.12 19,047 0.14 21,550 0.16 24,382  0.18 

Total 302,101  2.21 341,799 2.50 386,715 2.82 437,532  3.19 

           Unit: Population: inhabitants, 

Water demand: milion cubic meters 

 

4.2.3 AGRICULTURAL WATER DEMAND 

Projection of future water demand was estimated based on results of GAF (2007), which has 

calculated the total ETa of each crop with the irrigation efficiency of 40% as mentioned in 

section 2.3.2 in Chapter 2.  In this study, ETa per unit of irrigated area of each crop was 

calculated to determine the water demand in relation to the increase of irrigated land that is 

projected based on the annual growth rate of irrigated area in the Agricultural Statistics Year 

Book 2005.  Table 4.6 shows the total water demand by sub sub-basin. 

Table 4.6 Irrigation Water Demand (IE=40%) 

2004/2005 2006 2010 2015 2020

1 Wadi Al Mashamini 0.89 0.90 0.95 1.02 1.10

2 Wadi Al Madini 4.53 4.59 4.86 5.20 5.58

3 Wadi Al Kharid 3.03 3.07 3.24 3.47 3.72

4 Wadi Al Ma'adi 1.29 1.31 1.39 1.48 1.59

5 Wadi A'sir 7.65 7.76 8.20 8.79 9.42

6 Wadi Khulaqah 2.33 2.36 2.50 2.67 2.87

7 Wadi Qasabah 2.40 2.43 2.57 2.76 2.95

8 Wadi Al Huqqah 14.48 14.66 15.39 16.36 17.40

9 Wadi Bani Huwat 48.67 49.01 50.43 52.31 54.32

10 Wadi Thumah 1.26 1.27 1.32 1.38 1.45

11 Wadi As Sirr 24.74 24.93 25.75 26.83 27.98

12 Wadi Al Furs 8.61 8.69 9.02 9.46 9.92

13 Wadi Al Iqbal 19.67 19.94 21.03 22.49 24.05

14 Wadi Zahr & Al Ghayl 16.30 16.49 17.26 18.30 19.41

15 Wadi Hamdan 10.16 10.31 10.89 11.67 12.51

16 Wadi Al Mawrid 8.76 8.86 9.26 9.80 10.37

17 Wadi Sa'wan 10.05 10.13 10.47 10.91 11.38

18 Wadi Shahik 10.30 10.40 10.78 11.30 11.85

19 Wadi Ghayman 5.50 5.55 5.77 6.07 6.38

20 Wadi Al Mulaikhy 3.47 3.52 3.71 3.96 4.23

21 Wadi Hizyaz 2.64 2.68 2.83 3.02 3.23

22 Wadi Akhwar 2.45 2.48 2.62 2.81 3.01

209.20 211.35 220.24 232.06 244.71

Sub-Basin

Total

Total Water Demand (MCM) at IE = 40% for 2004/2005

 

Unit: million cubic meters 
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4.2.4 INDUSTRIAL WATER DEMAND 

Since the information of water consumption by industries is very scarce, the estimated water 

demand for industry by WEC (2001) is adopted in the study.  WEC (2001) estimated the water 

demand for the year 1995 by using “Gross Water Requirement Method”.  This method depends 

on identifying: 1) the physical outputs of the different industrial products, and 2) the average 

water requirement per unit of physical output in various industrials sub sectors.  Results of 

projections on industrial water demand are shown in Table 4.7. 

Table 4.7 Industrial Water Demand by Scenarios 

Historical Growth Rate Programmed Growth Rate 

Year 

Manufacturing 
Mining and 

Quarrying 
Total Manufacturing 

Mining and 

Quarrying 
Total 

2005 4.75  0.00336 4.76 4.75 0.00336  4.76  

2010 5.98  0.00452 5.99 7.12 0.00485  7.12  

2015 7.53  0.00608 7.53 10.65 0.00700  10.66  

2020 9.47  0.00818 9.48 15.94 0.01009  15.95  

Unit: million cubic meters 

In this study, future water demand for industry, in accordance with Programmed Growth Rate is 

adopted, since it is estimated and planned in the Socio-Economic Development Plan for Poverty 

Reduction (2006-2010). 

4.2.5 TOURISTIC WATER DEMAND 

Since the information is not available for the touristic sector, water demand projection for this 

sector was calculated assuming the following conditions:  

‐ for the period of 2006-2010, DPPR has settled, as an indicator for the tourism sector the 

average annual growth of 12% for tourists’ arrivals, and in this study, the same rate was 

assumed that it would continue until 2020 

‐ due to a lack of information, water demand for the touristic sector estimated in this study 

has considered only the yearly increase in the number of beds, and a bed occupancy rate at 

40%.  An increasing rate of beds was settled to be 22% according to the DPPR   

‐ unit water consumption was settled according to hotel classification as 350 l/c/d for five 

and four stars hotels, 180 l/c/d for three to one star hotels, which were adopted from the 

studies carried out in Jordan for classified hotels depending on possession of pool.  Water 

consumption in traditional hotels is supposed to be lower than other hotels, and was set to 

be 120 l/c/d   

‐ it was assumed that all hotels of the governorate of Sana’a are located within Sana’a Basin, 

around the City   

Projection of touristic water demand is shown in Table 4.8. 

Table 4.8 Touristic Water Demand Projection  

Item 2005 2010 2015 2020 

Traditional Hotel 0.06 0.17 0.47  1.26  

1 Star Hotel 0.12 0.31 0.85  2.29  

2 Stars Hotel 0.07 0.18 0.49  1.33  

3 Stars Hotel 0.03 0.09 0.24  0.65  

4 Stars Hotel 0.03 0.09 0.24  0.66  

5 Stars Hotel 0.05 0.13 0.34  0.93  

Water 

demand 

Total 0.36 0.98 2.63  7.12  

Unit: million cubic meters 
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4.3 FUTURE WATER BALANCE 

The projected future water demand is summarized in Table 4.9.  The totaled amount is 

gradually increased from 269.3 MCM in 2005, to 349.6 MCM in 2020.  On the other hand, 

renewable groundwater resources were estimated to be only 50.7 MCM/year.  The balance 

between renewable resources and demand is estimated to be minus 298.9 MCM in 2020, if the 

recharge amount is not changed.  It means that the non-renewable water resources will 

continue to decrease. 

Table 4.9 Future Water Balance 

2005 2010 2015 2020

a - 42.8 52.7 62.8

Water demand in accordance with the Sana'a Water Supply and Sanitation

Project (SWSSP) of SWSLC.

Option 1, unit water consumption is 35 l/c/d

54.3 53.5 65.9 78.6

(20.1 %) (18.8 %) (21.0 %) (22.5 %)

0.6 2.5 2.8 3.2

(0.2 %) (0.9 %) (0.9 %) (0.9 %)

4.8 7.1 10.7 16.0

(1.8 %) (2.5 %) (3.4 %) (4.6 %)

0.4 1.0 2.6 7.1

(0.2 %) (0.4 %) (0.8 %) (2.0 %)

f 83.7 88.1 92.8 97.9
Actual Evapotranspiration (ETa), GAF (2007)

Growth rate depends on cultivated area of each type of crop

209.2 220.2 232.1 244.7

(77.7 %) (77.4 %) (73.9 %) (70.0 %)

Total Consumption h 269.3 284.3 314.1 349.6 Total Consumption (h) =(b) + (c) + (d) + (e) + (g)

Recharge i 50.7 50.7 50.7 50.7
Based on A.Norman and W.Mulat (2007), Water Balance and Hydrological

Monitoring

Balance j -218.6 -233.6 -263.4 -298.9 Balance(j) = Recharge(i) - Total Consumption(h)

Touristic Use

Growth rate of 10% for traditional to three stars, 3% for four and five stars.

Unit water consumption is 350l/c/d for five and four stars, 180l/c/d for three to

one stars, 120l/c/d for traditional

Calculated Consumption with present irrigation efficiency (40%). This

efficiency is continued until 2020

Irrigation Use

e

g

Purpose Remarks
Water Demand (MCM/year)

Urban Area Water Supply

     (Domestic and Institutional) Production amount  from 2010 to 2020 including physical loss with 20% of

production, which is adopted by SWSLC.

Demand in 2005 is the actual production.

b

Domestic Use in Rural Areas
Demand from 2010 is calculated by using 2.5% of population growth rate with

20 l/c/d,  Value of 2005 is 25% of estimated demand

Industrial Use Programmed Growth Rate according to DPPR (2006-2010)

c

d

 

  Note : Values in parentheses are the proportion of water consumption of each purpose to total 

consumption 

The estimated amount of usable groundwater by WEC (2001) is 5,212 MCM.  Therefore, if the 

water consumption continues in accordance with the projected future water demand as shown in 

Table 4.9, the usable groundwater would not be able to meet the demand in the year of 2021 as 

shown in Figure 4.1.   
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Figure 4.1 Decreasing of Storage with Planned Future Demand 
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It means that by the year of 2020 at the very latest, groundwater abstraction has to be drastically 

reduced to the recharge amount, that is, from 269.3 MCM/year at present, to 50.7 MCM/year.  

In order to achieve this goal, all farmers are required to completely stop irrigation activity and 

water consumption for domestic purposes must be almost two thirds.  However 

implementation of water saving is obviously unrealistic.   

4.4 FUTURE SCENARIOS 

4.4.1 BASIC POLICY FOR FUTURE SCENARIO SETTING 

As mentioned in the previous sections, in order to keep sustainability of water resources in the 

Basin, all farmers have to stop irrigation and the water to be supplied for urban areas should be 

nearly two thirds by 2020.  However it is unrealistic way considering that economic activities 

rely on the agriculture sector.  Therefore, all stakeholders are strongly required to reduce water 

consumption by 2020 for the purpose of extension of the grace period to be critical situation of 

water resources, and to prepare further countermeasures.  Considering this situation, the water 

resources management for Sana’a Basin is required to show the direction towards reducing 

water consumption.  For this purpose, the future water demand should be projected by 

applying low population growth rate and low economic growth rate of each sector, which are 

estimated in the existing information.  In this study, from the view point of this, the scenarios 

for water demand are considered. 

Considered scenarios with target figure in the year of 2020 are summarized in Table 4.10 and 

shown in Figure 4.2.  These four scenarios are prepared in combination with scenarios of five 

sectors.  Scenarios of each sector are prepared considering existing economic growth plan and 

some of are set by the study team considering the possibility.  Condition of setting for each 

scenario is as follows. 

- Scenario 1: The values for less contribution to reduction of water consumption in each sector 

   such as higher growth rate and lower irrigation efficiency, which are set in the 

   existing plan and set by the Study team, are applied. 

- Scenario 2: The values for the most possible reduction of water consumption set by the  

   Study team for urban area water supply and irrigation use that account for large 

   portion of total water consumption are applied. 

- Scenario 3: The values for the most possible reduction of water consumption set by the  

   Study team are applied to not only urban area water supply and irrigation use but 

   also industrial and touristic use. 

- Scenario 4: The values for the most possible reduction of water consumption set by the  

   Study team are applied to urban area water supply, industrial use and touristic 

   use.  For irrigation use, reduction of water consumption to 50 MCM is applied 

   taking into consideration the reuse of treated wastewater in the year 2020. 

As shown in Figure 4.2, reduction of water consumption is attained in each scenario comparing 

with the future water demand estimated in accordance with the values of existing economic 

growth plan and development plan. 
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Table 4.10 Summarized Scenario of Water Demand 

Urban Area Water Supply

(Domestic and Institution)

Domestic Use in

Rural Area
Industrial Use Touristic Use Irrigation Use

Total
*8)

Consumption

Scenario

1

Population: 3,198,573 LPGR
*1)

Physical Loss: 14.6 MCM (20%)
*2)

Unit water consumption : 35 l/c/d
*3)

Population: 437,532
*5)

Unit water

consumption: 20

l/c/d
*5)

Historical

growth rate,

DPPR
*6)

Based on DPPR

No expansion of irrigated area since

2005

IE: 60%
*7)

Actual requirement: 83.68 MCM/year

MCM/year 73 3.2 9.5 7.1 139.5

Scenario

2

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)
*4)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

Historical

growth rate,

DPPR

Based on DPPR

No expansion of irrigated area since

2005

IE: 70%

Actual requirement: 83.68 MCM/year

MCM/year 68.7 3.2 9.5 7.1 119.5

Scenario

3

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

No growth in

Industry inside

the Basin since

2005

No growth in

Tourism inside

the Basin since

2005

No expansion of irrigated area since

2005

IE: 70%

Actual requirement: 83.68 MCM/year

MCM/year 68.7 3.2 4.8 0.4 119.5

Scenario

4

Population: 3,198,573 LPGR

Physical Loss: 10.3 MCM (15%)

Unit water consumption: 35 l/c/d

Population: 437,532

Unit water

consumption: 20 l/c/d

No growth in

Industry inside

the Basin since

2005

No growth in

Tourism inside

the Basin since

2005

Reduce 11,111 ha irrigated area out of

18,954 ha

Install improved irrigation system

to7,843 ha

MCM/year 68.7 3.2 4.8 0.4 50

127.1

232.3

208

196.6

 

*1)  LPGR: Limited Population Growth Rate set in Sana’a Water Supply and Sanitation Project (SWSSP)  

*2)  Physical Loss, 20% is set in SWSSP 

*3)  Option 1 set in SWSSP, Minimum option, water is supplied of entire city population 

*4)  Physical Loss, 15% is set by the Study team 

*5)  Population growth rate in rural area: 2.5%adopted by GARWSP and unit water consumption, 20 l/c/d: 

adopted by NWRA. 

*6)  Calculated value based on the Socio-economic development plan for poverty reduction (DPPR, 2006-2010) 

*7)  Irrigation efficiency 

*8)  Total consumption includes loss of water supply and overuse in irrigation 
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Figure 4.2 Scenarios for Water Demand (2005 – 2020) 

 

4.4.2 URBAN AREA WATER SUPPLY 

(1) Population 

Since the future water demand described in section 4.2.2 is projected by using “moderate 

Planned Future Demand 
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growth rate,” “limited growth rate” is applied for the scenario so as to make the population 

growth rate low as shown in Table 4.11. 

Table 4.11 Population Forecast with Limited Growth Rate 

Year 2005 2010 2015 2020 

Population 1,840,578 2,318,455 2,787,806 3,198,573 

Growth Rate 5.31 % 4.34 % 3.37 % 2.40 % 

*1) Growth rate is quoted from Dar Al-Handasah (2000).   

*2) Population is projected based on the population in the Statistical Year Book 2005 

 

(2) Scenario of Water Demand 

Two types of scenarios of water demand which are shown in Table 4.12, are prepared for urban 

area water supply with the following conditions.  It is noted that the scenario number in Table 

4.12 corresponds to that in Table 4.10. 

- population growth rate is decreased from “moderate” to “limited” 

- unit water consumption is 35 l/c/d in order to cover the entire population in Sana’a city, 

which is in conformity with the direction of SWSLC 

“Scenario 1” is calculated by applying the physical loss at 20% in accordance with SWSSP with 

assuming to be continued until the year 2020.  “Scenario 2, 3 and 4” is calculated by applying 

the physical loss at 20% until the year 2020, then assuming to be improved to 15% in the year 

2015.  By implementing these scenarios, 5.6 MCM/year in 2020 in scenario 1 and 9.9 

MCM/year in 2020 in scenario 2, 3 and 4 are saved comparing projected future water demand 

that is 78.6 MCM/year as mentioned in section 4.2.2. 

Table 4.12 Scenario for Urban Water Supply 

Scenario 1

Year 2005 2010 2015 2020

Unit water consumption  (l/c/d) 50.8 35 35 35

Consumption of Institution (30% of total) - 15 15 15

Demand - 50 50 50

Production amount including loss (l/c/d) - 62.5 62.5 62.5

Leakage (%) - 20 20 20

Population to be covered (LGR) - 2,318,455 2,787,806 3,198,573

Production amount (MCM/year) 54.2 52.9 63.6 73.0

Scenario 2, 3 & 4

Year 2005 2010 2015 2020

Unit water consumption  (l/c/d) 50.8 35 35 35

Consumption of Institution (30% of total) - 15 15 15

Demand - 50 50 50

Production amount including loss (l/c/d) - 62.5 58.8 58.8

Leakage (%) - 20 15 15

Population to be covered (LGR) - 2,318,455 2,787,806 3,198,573

Production amount (MCM/year) 54.2 52.9 59.9 68.7  

 

4.4.3 DOMESTIC USE IN RURAL AREA 

Since the useful information about population growth rate in rural area is not available, and the 

priority of the allocation of water resources is given to domestic purpose, the growth rate of 

2.5% that is adopted by GARWSP, is applied and is assumed to continue until the year 2020. 
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4.4.4 INDUSTRIAL USE 

As for the water demand of industry, two kinds of scenarios are examined.  The “Historical 

Growth Rate (HGR)” mentioned in the DPPR is applied for the scenarios 1 and 2.  No further 

expansion of industrial activities inside Sana’a Basin is applied for scenarios 3 and 4.  These 

scenarios are shown in Table 4.13.  It is noted that the scenario number in Table 4.13 

corresponds to that in Table 4.10. 

Table 4.13 Scenario for Industrial Use 

Scenario 1 & 2

Year 2005 2010 2015 2020

Manufacturing (MCM) 4.75 5.98 7.53 9.47

Mining and Quarrying (MCM) 0.00336 0.00452 0.00608 0.00818

Demand (MCM) 4.8 6.0 7.5 9.5

Scenario 3 & 4

Year 2005 2010 2015 2020

Manufacturing (MCM) 4.75 4.75 4.75 4.75

Mining and Quarrying (MCM) 0.00336 0.00336 0.00336 0.00336

Demand (MCM) 4.8 4.8 4.8 4.8  

As for the scenarios of 1 and 2, the future water demand for industrial use estimated growth 

ratio based on the actual performance during 2001-2005, since the ratio is lower than the 

“Programmed Growth Rate (PGR)” of DPPR (2006-2010). Furthermore, as for the scenarios of 

3 and 4, zero growth ratio for industrial use is applied. Along of the implementation of these 

scenarios, 6.5 MCM/year in 2020 in scenarios by 1 and 2, And 11.2 MCM/year in 2020 by 

scenarios 3 and 4 are saved respectively, comparing projected future water demand that is 16.0 

MCM/year planned in DPPR as mentioned in section 4.2.4. 

4.4.5 TOURISTIC USE 

Since the available information about future water demand for the tourism sector is limited, two 

kinds of scenarios are considered.  The growth rate of 12% for tourists’ arrivals set in DPPR 

(2006-2010) is applied for scenarios 1 and 2.  No further expansion of tourism is applied for 

scenarios 3 and 4.  The scenarios are shown in Table 4.14.  It is noted that the scenario 

number in Table 4.14 corresponds to that in Table 4.10.  By implementing only scenario 3 and 

4, 6.7 MCM/year in 2020 is saved comparing projected future water demand that is 7.1 

MCM/year as mentioned in section 4.2.5. 

Table 4.14 Scenario for Touristic Use 

Scenario 1 & 2

Year 2005 2010 2015 2020

Demand (MCM) 0.4 1.0 2.6 7.1

Scenario 3 & 4

Year 2005 2010 2015 2020

Demand (MCM) 0.4 0.4 0.4 0.4  
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4.4.6 IRRIGATION USE 

Water consumption for irrigation purposes accounts for 77% of total water consumption inside 

Sana’a Basin in the year 2005.  Though saving water in this sector much contributes for 

reducing total water consumption, it is necessary to secure farmers’ livelihood by minimizing 

the adverse impact on and economic structure in Sana’a Basin.  Considering the importance 

and sensitivity of the sector, three types of scenario are considered as shown in Table 4.15.  It 

is noted that the scenario number in Table 4.15 corresponds to that in Table 4.10. 

Table 4.15 Scenario for Irrigation Use 

Scenario 1

Year 2005 2010 2015 2020

Substantial Demand (MCM) 83.7 83.7 83.7 83.7

Irrigation Efficiency (%) 40 - - 60

Total Requrement (MCM) 209.2 193.1 166.3 139.5

Scenarios 2 & 3

Year 2005 2010 2015 2020

Substantial Demand (MCM) 83.7 83.7 83.7 83.7

Irrigation Efficiency (%) 40 - - 70

Demand (MCM) 209.2 188.5 154.0 119.5

Scenario 4

Year 2005 2010 2015 2020

Areas to be reduced annualy (ha) 0 855 855 855

Total of reduced area (ha) out of 18,954 ha 0 2,564 6,838 11111

Possibler saved amount (MCM) 0 28 75 122

Areas where improved irrigation system

shall be installed (ha)
0 603 603 603

Total of installed area (ha) out of 7,843 ha 0 1,810 4,826 7,843

Possible saved amount (MCM) 0 9 23 37

Total saved amount 0 37 98 159

Demand (MCM) 209.2 172.2 111.2 50.2
 

Scenario 1 and Scenarios 2 and 3, are set to reduce water consumption by improvement of 

irrigation efficiency from present efficiency 40% to 60% and 70%, respectively.  It is required 

for all farmers not to expand their own irrigated land.  In these scenarios, the present situation 

of economic structures related to irrigation activity will not be damaged.  Production is 

expected to be increased.  Scenario 4 is set to reduce water consumption to 50 MCM/year 

considering that around 50 MCM/year of treated wastewater will become available in the year 

2020.  In this scenario, irrigation activity on two thirds of present irrigated land that is 11,111 

ha should be stopped.  In this case, alternative income generation should be secured for the 

farmers who have to stop irrigation activity to fill the reduced income. 

By implementing these scenarios, 105.2 MCM/year in 2020 in scenario 1, 125.2 MCM/year in 

2020 in scenarios 2 and 3, and 194.5 MCM/year in 2020 in scenario 4 are saved comparing 

projected future water demand that is 244.7 MCM/year as mentioned in section 4.2.3. 
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4.5 FUTURE SCENARIO TOWARDS MAXIMUM SUSTAINABILITY 

4.5.1 EXPECTED PERIOD OF USABLE GROUNDWATER RESOURCES IN EACH SCENARIO 

Recharge amount was estimated to be 50.7 MCM/year and usable storage inside Sana’a Basin 

was estimated to be 5,212 MCM in accordance with the previous study, WEC (2001).  In 

addition to recharge amount, expansion of capacity of wastewater treatment plant with 

maximum capacity of 56.6 MCM/year in total has been launched and reuse of treated 

wastewater for irrigation is planned to be achieved in the year 2020.  Therefore, around 50 

MCM of treated wastewater can be regarded as new water resources.  Based on these estimated 

value, expected period of usable groundwater resources in Sana’a Basin in each scenario is 

estimated in the following 3 cases. 

Case 1: Expected period without any recharge to groundwater 

Case 2: Expected period with constant recharge to groundwater that was estimated in the  

  previous investigation. 

Case 3: Expected period with constant recharge and utilization of treated wastewater from the 

  year 2020 

Table 4.16, Figure 4.3 and 4.4 show the results of the estimation. 
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Table 4.16 Expected Period of Usable Groundwater Resources in Each Scenario 

2005 2010 2015 2020

Urban 54.3 52.9 63.6 73

Rural 0.6 2.5 2.8 3.2

Industry 4.8 6 7.5 9.5

Tourism 0.4 1 2.6 7.1 2021 2027 2030

Irrigation 209.2 193.1 166.3 139.5

Total Consumption 269.3 255.5 242.8 232.3

2005 2010 2015 2020

Urban 54.3 49.8 59.9 68.7

Rural 0.6 2.5 2.8 3.2

Industry 4.8 6 7.5 9.5

Tourism 0.4 1 2.6 7.1 2022 2029 2034

Irrigation 209.2 188.5 154 119.5

Total Consumption 269.3 247.8 226.8 208

2005 2010 2015 2020

Urban 54.3 49.8 59.9 68.7

Rural 0.6 2.5 2.8 3.2

Industry 4.8 4.8 4.8 4.8

Tourism 0.4 0.4 0.4 0.4 2023 2030 2036

Irrigation 209.2 188.5 154 119.5

Total Consumption 269.3 246 221.9 196.6

2005 2010 2015 2020

Urban 54.3 49.8 59.9 68.7

Rural 0.6 2.5 2.8 3.2

Industry 4.8 4.8 4.8 4.8

Tourism 0.4 0.4 0.4 0.4 2028 2045 after 2045

Irrigation 209.2 172.5 111.2 50

Total Consumption 269.3 230 179.1 127.1

Scenario 3　　　　　　　　　　　　　　　　　　　　　　　　　　　(MCM)

Scenario 4　　　　　　　　　　　　　　　　　　　　　　　　　　　(MCM)

Scenario 1　　　　　　　　　　　　　　　　　　　　　　　　　　　(MCM)

Scenario 2　　　　　　　　　　　　　　　　　　　　　　　　　　　(MCM)
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Figure 4.3 Expected Period of Usable Groundwater Resources with Recharge 
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Figure 4.4 Expected Period of Usable Groundwater Resources with Reuse of 
Treated Wastewater from the year 2020 and Constant Recharge 

 

It should be noted that even if the scenarios considered based on the socio-economic 

condition are implemented, groundwater resources will continue to be gradually decreased 

and over time will be in a very critical situation. 

 

4.5.2 SELECTION OF FUTURE SCENARIO TOWARDS MAXIMUM SUSTAINABILITY 

As described in section 4.3 in this Chapter, if the water consumption is continued in line with 

projected water demand, usable groundwater would be very critical situation in the year of 2020.  

It means that economic activity will be definitely damaged, and even the domestic water will 

not be able to supply to those who live inside Sana’a Basin in the year 2020.  As for 

transferring water from outside Sana’a Basin as an alternative water source for Sana’a City, it is 

regrettably concluded to be not feasible considering that the cost for maintenance should 

basically be borne by beneficiaries as mentioned in section 2.2.4 in Chapter 2.   

Therefore, the ultimate solution is to reduce water consumption to the recharge amount by the 

year 2020 at the very latest so as to keep minimum sustainability inside Sana’a Basin.  For the 

achievement of the ultimate solution, all of irrigation activity should be stopped and domestic 

consumption should be reduced to around two thirds of demand in 2020.  However, it is 

obvious that tremendous effort is required for all stakeholders and is unrealistic. 

Four scenarios aiming at reducing consumption of water resources set in the section 4.4.1 are 

evaluated taking into consideration the difficult condition of water resources, in order to select 

most reasonable scenario.  Result of evaluation of each scenario is as follows. 

- Scenario 1: Though the irrigation efficiency is set at 60%, there is a possibility of further 

   improvement of the efficiency by installing pipes for water conveyance.  In 

   addition, physical loss in urban water supply is set at 20%.  However, the  

   percentage of physical loss is able to be reduced by introducing the technology 

   of water leakage detector for invisible leakage from the ground.  Therefore, it 

   can be concluded that there is a possibility of further reduction of water  

   consumption in this scenario. 
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- Scenario 2: Reduction of water consumption in irrigation use and urban area water supply 

   sectors which account for large portion of total water consumption, is the largest 

   as much as possible.  While no measure to reduce water consumption in  

   industrial and touristic use is taken.  Therefore, it can be concluded that there is 

   a possibility of further reduction of water consumption in this scenario. 

- Scenario 3: Reduction of water consumption in irrigation use and urban area water supply 

   sectors which account for large portion of total water consumption, is the largest 

   as much as possible.  In addition, control of the growth of water demand in 

   industrial and touristic sectors is set in this scenario.  Therefore it is concerned 

   that economic activities would be affected if further measures are taken to  

   reduce water consumption. 

- Scenario 4: In addition to the settings in the scenario 3, water consumption for irrigation use 

   is set to be reduced to 50 MCM that corresponds to available treated wastewater 

   in the year 2020.  In this setting, farmers are required to reduce their irrigated 

   area to one third of present area and agricultural products would be decreased.   

   As a result, decrease of farmers’ income and adverse impact on agricultural  

   activities would be concerned.  Therefore, implementation of the scenario is 

   assumed to be very difficult. 

As mentioned above, there is a possibility of further reduction of water consumption in the 

scenarios 1 and 2.  Adverse impact on the agricultural activities is concerned in the scenario 4, 

though the amount of reduction is the maximum among above 4 scenarios.  Therefore, the 

scenario 3 which has possibility of implementation of measures and the most possible reduction 

amount of water consumption, is selected as the scenario towards sustainability of water 

resources in Sana’a Basin. 

By implementing the Scenario 3 with saving water resources of 153 MCM in 2020, such very 

severe condition of water resources will be mitigated as much as possible, and the grace to be 

critical situation of water resources will be expanded until the year of 2036 that is around 30 

years later from 2007.   

Followings are the actions to be taken with top priority by the year of 2020 in conformity with 

the scenario 3.  Since the contribution towards reducing water consumption is very high and 

implementation of each component is practicable. 

- Improvement of the irrigation efficiency from 40% to 70% by the year 2020 and no further 

expansion of irrigated land, which can save 125.2 MCM/year of groundwater resources 

comparing the projected water demand based on the tendency of the expansion of irrigated 

land studied in the previous study. 

- Improvement of the physical loss in the water supply in urban areas from the 30% (inferred 

value) to 15% by the year 2015, which can save 9.9 MCM/year of groundwater resources. 

- Reuse of the treated wastewater for irrigation purpose and improvement of capacity of 

sewage system.  Around 50 MCM of treated wastewater is expected to be reused in the 

year of 2020 in accordance with the plan of SWSLC. 

Detailed activities for actions mentioned above are described in Chapter 5. 
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However, it should be mentioned again that though the Scenario 3 is completely implemented, 

the precious groundwater resources will be definitely in very critical situation in the year 2037 

as shown in Figure 4.5. 
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Figure 4.5 Expected Period of Usable Groundwater Resources for Scenario 3 
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CHAPTER 5 WATER RESOURCES MANAGEMENT ACTION 

PLAN FOR SANA’A BASIN 

5.1 DIRECTION OF ACTION PLAN 

In order to mitigate the critical situation of water resources, and to secure the future of the next 

generation, action plans to be taken are formulated as listed in Table 5.1, considering the present 

condition of water resources and future scenarios of socio-economy as described in the previous 

chapters.  Water resources management action plan is composed of “Immediate Action Plan” 

and “Actions to be taken for Long-Term Progress.”  The former is the action to be taken 

immediately in order to achieve Scenario 3 as mentioned in section 4.5 in Chapter 4, and 

contributes greatly to mitigate severe condition of water resources.  The latter are the actions to 

enhance the effectiveness of the results of the “Action Plan.”  The actions contribute to 

mitigate severe water resource conditions; however, the amount of water that can be reduced is 

not clarified.  Therefore, understanding of the present condition is the first step of these 

actions.   

Table 5.1 Actions to be Taken 

No. Contents of Water Resources Management Action Plan for Sana’a Basin Section No.

IMMEDIATE ACTION PLAN 

1 Reduction of fwater consumption for irrigation purposes 5.2.1 

2 Reduction of physical loss of urban water supply 5.2.2 

3 Assuring reuse of treated waste water 5.2.3 

4 Control of water consumption for industrial use 5.2.4 

5 Control of water consumption for touristic use 5.2.5 

6 Institutional development 5.2.6 

7 Organizational development 5.2.7 

ACTIONS TO BE TAKEN FOR LONG-TERM PROGRESS  

1 Protection of groundwater resources from contamination 5.3.1 

2 Effective use of surface water 5.3.2 

3 Optimization of water supply covered by private supplier in Sana’a city 5.3.3 

4 Inter-Regional and Sectoral Reallocation of Water Resources 5.3.4 

 

By implementing the action plan until the year 2020, around 150 MCM/year of water resources 

can be saved comparing the water demand based on the present conditions in the year of 2020, 

and limited water resources can be utilized until the year 2036 which is around 30 years later 

from 2007.  During this expanded period, all stakeholders are seriously required, for future 

generations to consider next actions towards sustainability of water resources. 

Detailed contents of action plan are described in following sections. 
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5.2 ACTION PLAN 

5.2.1 REDUCTION OF WATER CONSUMPTION FOR IRRIGATION PURPOSES 

Purpose 

 

 

 

To reduction the water consumption for irrigation purposes by means of improvement of 

irrigation efficiency from 40% to 70% should be implemented so as to save 90 MCM/year 

of limited water resources by the year of 2020 comparing present water consumption of 

irrigation that is 209 MCM.  Therefore, consumption for irrigation purpose will be 

reduced to 119 MCM/year in 2020.  The action should be carefully carried out not to 

support extension of their irrigated land, which might be easily happened by transferring 

saved water. 

Activities 

(1) Increasing the farmers’ perception of effectiveness of improved irrigation system 

Although substantial improvements, such as lower water consumption crops, increased 

crop yield, less fertilizer, and less fuel consumption, have been observed at pilot farms 

through the introduction of improved irrigation systems as one of the components of 

SBWMP, dissemination of these methods still remains insufficient.  Improved irrigation 

systems have been installed in irrigated land with an area of 771 ha by SBWMP, which is 

less than 20% of the project target of 4,000 ha as of September 2007.  Though the 

progress of installation has remained slow, it should be addressed by developing successful 

program accompanied with improvement of the capability of WUAs by conducting 

activities mentioned in section 4.2.5 4). 

Thus, the promotion activities for raising awareness of farmers on the effectiveness of 

improved irrigation systems shall be enhanced in close cooperation with Local Council, 

WUA and WUG, showing the positive results of installation of the system effectively to 

other farmers, and the period of cost recovery to investment by using the results obtained 

by SBWMP. 

(2) Promotion of farmers’ understanding not to expand their own farmland 

Control of expansion is also one of the activities to minimize water consumption.  This 

activity, however, shall be simultaneously executed with raising awareness of farmers, 

incentives and enforcement of regulation.   

(3) Installation of improved irrigation systems 

The annual amount to be saved, accumulated saved amount and total consumption of 

irrigation use are graphed in Figure 5.1.  Table 5.2 shows the detailed schedule for annual 

reduction of water consumption by the improvement of irrigation efficiency for sub-basin 

until the year of 2020. 

To save the amount of 90 MCM of water consumption for irrigation 

purposes by the year of 2020 by improving irrigation efficiency from 40% to 

70%. 
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The amount of water that can be saved at irrigated land by improvement of irrigation 

efficiency is estimated as follows: 

Water consumption for irrigation purposes is estimated to be 0.011 MCM/ha.  This value 

is calculated by adopting 40% of irrigation efficiency to present water consumption of 

0.0044 MCM/ha that is the weighted arithmetic mean of the actual evapotranspiration of 

each crop.  Therefore, the consumed water in 1.0 ha will be estimated at 0.0063 MCM by 

improvement of irrigation efficiency from 40% to 70%.  It means that the amount of 

0.0047 MCM/ha can be saved comparing present water consumption for irrigation 

purposes that is 0.011 MCM/ha. 

Improvement of irrigation efficiency should be carried out by sub-basin and addressed first 

the large water imbalanced sub-basins.  
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Figure 5.1 Scenario for Reducing Water Consumption for Irrigation Purpose 

For the implementation, “Wadi Al Huqqah,” “Wadi Bani Huwat,” “Wadi As Sirr,” “Wadi 

Al Furs,” and “Wadi Al Mawrid” should be addressed first in the year of 2010.  Then 

other sub-basins should be gradually addressed.  Finally, 90 MCM of overuse water can 

be reduced by the year 2020. 

Cost for installation of improved irrigation system is estimated to be between 3,600 and 

4,800 US$/ha depending on the conveyance system and irrigation system to be applied 

(Ministry of Water and Environment).  Then total cost for system is estimated to be 

between 68 million US$ and 91 million US$ in 11 years from 2009 to 2020 (from 6.2 to 

8.3 million US$/year in average) for 18,955 ha.  According to NWSSIP, from 5 to 6.5 

million US$/years from 2005 to 2009 are scheduled to be allocated for Sana’a Basin Water 

Management Project for the part of irrigation and watershed management.  Difference of 

cost and the cost from 2010 should be allocated. 

(4) Introducing watering control system with installation of water flow meter 

Watering control system with installation of water flow meter, which is one of the most 

important factors to reduction overuse of water and maximize productivity, should be 

introduced.  This activity requires the technical support from experts so as to keep and 
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improve effectiveness of modern irrigation techniques. 

(5) Improvement of capability of GDI/NWRA-SB or staff in charge of irrigation activities 

As mentioned in section 3.2.6 in Chapter 3, it is also necessary to establish an effective 

training course, with an experienced trainer, to develop the capability of  organizations 

related to the installation, operation and maintenance of improved irrigation systems in the 

early stage of the above schedule, that is, from the year  2008 to 2011. 

(6) Stop subsidizing irrigation activities 

Since the subsidizing system concerning irrigation activities is recognized as the one of the 

reasons behind over exploitation of groundwater resources, this system should be gradually 

stopped. 
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Table 5.2 Schedule for Reduction of Irrigation Water Consumption 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

0.0 0.0 0.0 6.00 6.00 9.82 8.52 9.00 6.53 10.99 12.90 9.06 5.17 5.10

0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.6 0.6 0.6 0.6

0.32 0.3

69 68 68

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 3.5 2.9 2.9 2.9 2.9

1.0 0.7 1.7

352 213 138 351

3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.0 1.9 1.9 1.9 1.9

1.0 0.1 1.1

238 213 26 238

1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 0.8 0.8 0.8 0.8 0.8

0.5 0.5

100 100 100

7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 6.6 5.6 4.9 4.9 4.9 4.9

1.0 1.0 0.79 3

593 213 213 168 594

2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 1.4 1.4 1.4 1.4 2.3

0.85 0.9

181 181 181

2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 1.5 1.5

0.87 0.9

186 185 185

14.5 14.5 14.5 13.5 12.5 11.5 10.5 9.5 9.0 9.0 9.0 9.0 9.0 9.0 9.0

1.0 1.0 1.0 1.0 1.0 0.53 5.5

1176 213 213 213 213 213 113 1177

48.7 48.7 48.7 46.7 44.7 42.7 40.7 38.7 36.7 33.7 30.2 26.0 26.0 26.0 26.0

2.0 2.0 2.0 2.0 2.0 2.0 3.0 3.5 4.18 22.7

4826 426 426 426 426 426 426 638 745 889 4826

1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 0.7 0.7

0.59 0.6

126 126 126

24.7 24.7 24.7 23.7 22.7 21.7 20.7 18.7 16.7 14.7 12.5 12.5 12.5 12.5 12.5

1.0 1.0 1.0 1.0 2.0 2.0 2.04 2.20 12.2

2603 213 213 213 213 426 426 434 468 2604

8.6 8.6 8.6 7.6 6.6 5.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6

1.0 1.0 1.0 1.0 4.0

856 213 213 213 217 855

19.7 19.7 19.7 19.7 19.7 18.7 17.7 16.7 15.7 14.2 12.4 12.4 12.4 12.4 12.4

1.0 1.0 1.0 1.0 1.5 1.73 7.2

1538 213 213 213 213 319 368 1538

16.3 16.3 16.3 16.3 16.3 15.3 14.3 13.3 12.3 10.2 10.2 10.2 10.2 10.2 10.2

1.0 1.0 1.0 1.0 2.1 6.1

1297 213 213 213 213 447 1298

10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 9.2 7.7 6.5 6.5 6.5

1.0 1.5 1.21 3.7

789 213 319 257 789

8.8 8.8 8.8 7.8 6.8 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3

1.0 1.0 1.47 3.5

739 213 213 313 738

10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 9.6 8.6 7.1 5.1 5.1 5.1

0.5 1.0 1.5 1.96 5.0

1055 106 213 319 417 1055

10.3 10.3 10.3 10.3 10.3 9.0 7.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5

1.35 1.5 2.0 4.9

1032 287 319 426 1032

5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 4.5 3.0 3.0

1.0 1.5 2.5

533 213 319 532

3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 2.5 2.2 2.2

1.0 0.3 1.3

269 213 57 270

2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 1.7 1.7

1.0 1.0

206 206 206

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 1.6 1.6

0.9 0.9

191 191 191

unit : million cubic meter

above : Annual water consumption in sub-baisn in accordance with plan

middle : Amount of water to be reduced in sub-basin

below : Areas in hectar where improved irrigation sytem should be installed

Note : Figures in below cell on the left side is the present irrigated area in hectare, Noman and Mulat (2007)
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Alternatives to reduction water consumption for irrigation purposes 

(1) Introducing the lower water consumption crops 

In addition to installation of improved irrigation systems, introduction of lower water 

consumption crops also contributes to reduction consumption of water.  However, trial for 

diversion of crops has been just started under the SBWMP and the result of the trial has not 

been reported yet.  Therefore, it is necessary to understand detailed information including 

effectiveness first by conducting pilot scheme. 

In case the introduction of lower water consumption crops is concluded to be effective, it is 

required for governmental body in early stage, to create the market for introduced crops so 

as to secure stable income generation of farmers. 

(2) Reduction of irrigated land 

A reduction of irrigated land also contributes to save water.  For this activity, 

compensation system for farmers should be established in advance. 

Responsibilities 

Related organizations and their responsibilities are described in Table 5.3. 

Table 5.3 Responsibility for Improvement of Water Use Efficiency for 
Irrigation Use 

Organizations Responsibility 

MAI Execution organization 

WUA, WUG Dissemination of improved irrigation system for others 

Local Council Support for increasing awarenes of farmers and dissemination

NWRA-SB Increasing awareness of farmers 

 

Under the initiative of NWRA-SB, this action shall be taken by MAI, Local Council and 

WUA.  NWRA-SB will be a responsible for increasing awareness of farmers and 

monitoring water consumption for irrigation use. 

5.2.2 REDUCTION OF PHYSICAL LOSS OF URBAN WATER SUPPLY 

Purpose 

 

 

 

To reduction overuse of urban water supply network operated by SWSLC should be 

implemented to save water with the amount of 9.9 MCM comparing the projected future 

water demand that is 78.6 MCM in 2020 by reducing physical water loss from 30% to 

15%. 

To save the amount of 9.9 MCM of water consumption for urban water 

supply by the year of 2020 by reducing physical water loss from 30% 

(inferred figure) to 15%. 
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Activities 

(1) Promotion of understanding of water users in Sana’a city to accept a reduction of unit 

water consumption 

According to SWSLC’s water supply plan, unit water consumption of 35 l/c/d is designed 

aiming at supplying water to the entire population in Sana’a city.  Since the actual per 

capita consumption in 2005 was 50.8 liter/day, if the designed unit consumption is applied, 

per capita consumption should be reduced around 30% of present consumption.  

Therefore, SWSLC is required to take the necessary actions to promote understanding  of 

water users in Sana’a city to accept reduction of consumption in parallel with reducing 

physical loss.   

(2) Improvement of the capability of leakage detection 

In order to effectively reduction water leakage, improvements in the capability of leakage 

detection is the one of the key factors.  Therefore, SWSLC is required to prepare a 

detailed schedule to reduction leakage to 15% in the year 2015 and to improve the 

capability including the investigation of leakage, the introduction of leakage detectors 

together with technology transfer by well-experienced experts and investment program for 

the investigation and renewable or repair of damaged distribution pipes, taking into 

consideration of the progress of on-going project of replacement of distribution pipes 

funded by World Bank.  In addition, the schedule for the periodical replacement or 

calibration of house connection meters and meters installed on production wells should be 

also included in the schedule.   

Assuming that leakage of 30% is reduced to 15% based on the actual production amount of 

2004, saved amount of water is converted to between 1.35 and 1.74 million US$/year 

depending on the consumption amount in household and institutions. 

(3) Monitoring of production amount and progress of reduction of losses 

NWRA SB is required to periodically collect information about production amount of 

urban water supply and the progress of reduction of losses from transmission and 

distribution mains, storage tanks and connections which are carried out by SWSLC in order 

to manage water resources properly.  

Responsibilities 

Related organizations and their responsibilities are described in Table 5.4. 

Table 5.4 Responsibility for Improvement of Water Use Efficiency for Urban 
Water Supply Covered by SWSLC 

Organizations Responsibility 

SWSLC, Municipality 

-Promotion of undersyanding of water users to accept reduced 

per capita consumption. 

- Preparing a detailed schedule for reducing losses 

NWRA-SB 
Monitoring of production amount and improvement of 

leakage 
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5.2.3 ASSURING REUSE OF TREATED WASTEWATER 

Purpose 

 

 

 

As mentioned in section 3.6.3 in Chapter 3, SWSLC has already launched the expansion of 

capacity of the wastewater treatment plant (WWTP) with the capacity of 105,000 m3/day 

and aimed at utilizing for the irrigation purposes.  Total capacity will become 155,000 

m3/day by the year 2020.  Assuming that around 90% of the effluent with sufficient 

quality is regarded as usable, the amount of available water resources is estimated at 50 

MCM/year.  Then water consumption for irrigation purpose can be saved 50 MCM/year 

from the year 2020.  Therefore, it is necessary for SWSLC, NWRA-SB and WUA to 

assure the reuse of treated wastewater for irrigation purpose by the year of 2020 by 

conducting the activities mentioned below. 

Activities 

(1) Assuring improvements in the existing WWTP and new construction of WWTP 

Procedures of rehabilitation of the existing WWTP, with a capacity of 50,000 m3/day, and 

construction of a new WWTP with a capacity of 105,000 m3/day, as well as a treatment 

facility for sewage on cesspit, should be properly managed by SWSLC. 

(2) Planning for distribution of treated wastewater 

Though it seems to be the most feasible way to distribute treated wastewater by gravity to 

the farm lands situated downstream, the organizations concerned especially MAI and 

SWSLC are required to consider the feasibility for distribution of the treated wastewater to 

other sites where the balance between recharge and abstraction inside sub-basin will be still 

remained in large minus as of the year 2020.  Since there will not be enough demand of 

irrigation to consume the treated wastewater at the area of downstream, it is necessary to 

consider proper way to use the limited water resources as much as possible.   

Proposed areas for distribution of treated wastewater are “Wadi Al Huqqah,” “Wadi Bani 

Huwat,” “Wadi Al Furs,” and “Wadi Al Mawrid” as listed in Table 5.5.  These proposed 

areas are selected considering the balance between abstraction amount and recharge 

amount, and geographical distribution.  As shown in Table 5.5, the ratio of 

“abstraction/recharge, with reuse” has remained high in “Wadi Al Mawrid” compared to 

other sub-basins, though the irrigation demand is fully covered by reuse of treated 

wastewater.  Because this sub-basin includes main part of the capital city of Sana’a and 

the main purpose of water abstraction is for domestic use. 

To reuse of treated wastewater with the amount of 50 MCM for irrigation 

purposes by the year 2020 so as to save water consumption for irrigation 

purposes. 
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Table 5.5 Proposed Sub-Basins for Distribution of Treated Wastewater 

2007 2010 2015 2020 wihout Reuse with Reuse

0.9 0.9 0.9 0.6 0.90 0.64

4.5 4.5 4.5 2.9 2.73 1.06

3.0 3.0 3.0 1.9 1.76 1.27

1.3 1.3 1.3 0.8 1.71 1.29

7.6 7.6 7.6 4.9 4.27 1.14

2.3 2.3 2.3 2.3 1.54 1.51

2.4 2.4 2.4 1.5 0.83 1.84

14.5 13.5 9.0 9.0 1.36 8.70 2.12 ◎

48.7 46.7 36.7 26.0 5.58 6.84 2.19 ◎

1.3 1.3 1.3 0.7 1.00 2.66

24.7 23.7 16.7 12.5 3.81 7.04

8.6 7.6 4.6 4.6 0.79 12.13 6.32 ◎

19.7 19.7 15.7 12.4 2.31 5.39

16.3 16.3 12.3 10.2 7.11 1.46

10.2 10.2 10.2 6.5 0.82 7.87

8.8 7.8 5.3 5.3 1.54 20.73 17.30 ◎

10.1 10.1 10.1 5.1 1.41 3.61

10.3 10.3 5.5 5.5 4.12 1.35

5.5 5.5 5.5 3.0 1.24 2.42

3.5 3.5 3.5 2.2 1.66 1.33

2.6 2.6 2.6 1.7 1.92 1.15

22 Wadi Akhwar 2.5 2.5 2.5 1.6 2.32 3.25

Proposed

Sub-Basin

Consumption of Irrigation 
Sub-Basin Recharge

Abstraction / Recharge

11

Wadi Sa'wan

21 Wadi Hizyaz

Wadi Shahik

Wadi Ghayman

Wadi Al Mulaikhy20

Wadi Qasabah

Wadi Al Huqqah

4

5

6

7

8

9

10

18

19

Wadi A'sir

Wadi Khulaqah

Wadi Al Iqbal

Wadi Zahr & Al Ghayl

Wadi Bani Huwat

Wadi Thumah

Wadi As Sirr

Wadi Al Furs

14

15

16

17

Wadi Hamdan

Wadi Al Mawrid*

Wadi Al Mashamini

Wadi Al Madini

Wadi Al Kharid

Wadi Al Ma'adi

1

2

3

12

13

*: Main part of Capital city of Sana’a is located in this Sub-basin 

 

(3) Promotion of farmers’ understanding of the treated wastewater use by the demonstration 

NWRA-SB has started to promote farmers’ understanding not to use insufficiently treated 

wastewater in order to avoid negative influence on their livestock, themselves and the 

productivity of their crops in the year 2007 as a part of SBWMP.  Therefore, the activity 

of promotion of farmers’ understanding of use of adequately treated wastewater for 

irrigation purposes should be conducted as a part of SBWMP in combination with 

demonstration of farming with treated wastewater . 

Since the improvement of existing WWTP is planned to be completed by 2015 prior to the 

construction of another large capacity WWTP, arrangement for the demonstration of 

farming with treated wastewater should be started in 2013 targeting farmers who posses 

their own farmland along the wadi in north of WWTP involving WUAs. 

In addition, acceptance of farmers to be charged for consuming treated wastewater, which 

may not be readily, shall be also considered so as to save the limited water resources. 

(4) Monitoring of water quality and quantity 

Monitoring of quality and quantity of the effluent should be carried out by SWSLC and the 

results should be submitted to NWRA-SB in order to assure the reuse of treated wastewater 

properly.  The result of monitoring should be open to the public especially for the farmers. 

Responsibilities 

Related organization and their responsibilities are described in Table 5.6. 
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Table 5.6  Responsibility for Assuring Reuse of Treated Wastewater 

Organizations Responsibility 

SWSLC, Sana’a Municipality Execution organization 

MAI 
Execution organization, Farmers’ acceptance for use of 

treated wastewater and tariff 

WUA Farmers’ acceptance  

NWRA-SB 
Monitoring of quality and quantity of effluent, Increasing 

awareness of farmers’ acceptance 

 

5.2.4 CONTROL OF WATER CONSUMPTION OF INDUSTRIAL USE 

Purpose 

 

 

 

In order to prevent the depletion of limited water resources, it is necessary to establish the 

control system of water consumption for industrial use. 

Activities 

(1) Preparation of inventory of existing water sources used in factories 

NWRA SB in cooperation with Ministry of Industry is required at first to carry out an  

inventory survey to understand the actual condition of water usage in industrial use.  

Since most of water sources are reported to be private wells and located inside the factory, 

actual water consumption has been estimated by using indirect factors.  Therefore, an 

inventory survey is the fundamental to control water consumption in proper way. 

(2) Promotion of understanding of owners of factories not to expand their activities inside 

Sana’a Basin 

No expansion of factories is one of the ways not to increase water consumption in the 

industrial sector.  Therefore, NWRA-SB and Ministry of Industry should promote 

understanding of owners of factories not to expand their factories that bring into increase of 

water consumption. 

(3) Reduction of overuse of water in factories and reuse of water inside factories 

In order to save the limited water resources, factories are required to reduction 

water-overuse and encourage water-reuse as much as possible.   

(4) Preparation of master plan for industrial sector taken into consideration water resources 

 condition 

The Ministry of Industry and authorities concerned are strongly required to address 

preparation of the sector development program considering the present condition of water 

resources in consultation with NWRA-SB, in order to mitigate such severe condition of 

water resources. 

To control water consumption for industrial use, in order to prevent the 

acceleration of the depletion of water resources. 
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If the development of industrial sector inside Sana’a Basin is demanded, discussion with 

authorities related to agriculture sector should be carried out in order to arrange 

reallocation of water from irrigation to industry. 

Responsibilities 

Related organization and their responsibilities are described in Table 5.7. 

Table 5.7 Responsibility for Control of Water Consumption of Industrial Use 

Organizations Responsibility 

Ministry of Industry Preparation of sector development plan considering water resoruces 

NWRA-SB 

Inventory survey,  

Promotion of understanding of factory owners not to expand their 

activities 

 

5.2.5 CONTROL OF WATER CONSUMPTION OF TOURISTIC USE 

Purpose 

 

 

 

In order to prevent the depletion of limited water resources, it is necessary to establish the 

control system of water consumption of touristic use. 

Activities 

(1) Preparation of inventory of water sources used for touristic purpose 

NWRA-SB in cooperation with Ministry of Tourism is required at first to carry out an 

inventory survey to understand the actual condition of water usage for touristic purposes.   

(2) Promote understanding of owners of hotels not to expand their activities that bring about 

an increase of water consumption 

NWRA SB and Ministry of Tourism are required to promote understanding of owners of 

hotels not to expand their activities that make an increase of water consumption. 

(3) Preparation of a sector development plan taking into consideration water resources 

 condition 

Ministry of Tourism and authorities concerned are strongly required to address preparation 

of the sector development plan considering the present condition of water resources in 

consultation with NWRA-SB, in order to mitigate such severe condition of water 

resources.   

If further development of the tourism sector is demanded, discussion with authorities 

related to the agriculture sector should be carried out in order to arrange a reallocation of 

water from irrigation to tourism. 

To control water consumption of Touristic use in order to prevent 

acceleration of depletion of water resources 
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Responsibilities 

Related organization and their responsibilities are described in Table 5.8. 

Table 5.8 Responsibility for Control of Water Consumption of Touristic Use 

Organizations Responsibility 

Ministry of Tourism Preparation of sector development plan considering water resoruces 

NWRA-SB 

Inventory survey for the tourisum water use  

Facilitation of hotel owners to understand not to expand their water 

consumption 

 

5.2.6 INSTITUTIONAL DEVELOPMENT 

1) Finalization of the Executive Regulation to the Water Law of 2002, and 

Development of Decree for Water Protection Zone of Sana’a Basin 

Purpose 

 

 

 

For the purpose of effective implementation of the Action Plan by Sana’a Branch Office of 

NWRA, finalization of Executive Regulation and development of Sana’a Basin’s Bylaw 

should be achieved by conducting the activities followed below, These bylaws shall be 

developed, taking consideration that groundwater metering and groundwater charge 

levying shall be one of the most indispensable prescriptions to address the issues of 

over-consumption water-demanding cash crop and excessive water loss typical in Sana’a 

Basin, 

It might take a considerable time to increase social acceptance for introduction of ground 

water metering and levying.  Therefore, the bylaws for the “protection zones” of Sana’a 

Basin should have the objective of gradually and over time limiting abstraction (over five 

to ten years) to the annual natural recharge as a priority.  They should include; 1) a ban on 

well drilling for agricultural and irrigation use, 2) licensing of all wells, irrespective of 

depth, 3) mandatory water abstraction metering, and 4) a provision that may allow over 

time levying water charges for agricultural and irrigation use.  . 

Activities 

The following package of actions shall be implemented for finalization of Executive 

Regulation and development of Sana’a Basin’s Bylaw: 

‐ Review the Water Law of 2002, its amendment Law of 2007, Draft Executive 

Regulation of the Water Law, and relevant decrees. 

‐ Identify shortcomings in the relevant laws, decrees, and bylaws, particularly as related 

to Sana’a Basin’s water resource management as a “protected area.” 

‐ Assess the negative impacts and social costs if these shortcomings are not amended. 

‐ Prepare additional and necessary principles and strategies for Draft Executive 

To finalize Executive Regulation and develop Sana’a Basin’s Bylaw in order 

to implement the Action Plan effectively. 
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Regulation of the Water Law, such as mandatory groundwater abstraction metering and 

groundwater charge levying. 

‐ Prepare Draft Bylaw and Regulation for Sana’a Basin as a “protected area.” 

‐ Initiate consultative meetings with stakeholders in preparation of Draft Bylaw and 
Regulation for Sana’a Basin, and build consensus. 

‐ Determine strategy and a time frame to introduce groundwater abstraction metering and 
groundwater charge levying for irrigation purposes. 

‐ Receive legal consultation for finalization of the Draft Bylaw and Regulation for 
Sana’a Basin. 

‐ Submit the final draft of Bylaw and Regulation for Sana’a Basin to the Cabinet and 
Parliament for approval. 

Responsibilities 

The prime responsibility for the development of Bylaw and Regulation for Sana’a Basin 

rests with NWRA-SB with support from NWRA Headquarters.  A working group shall be 

established under NWRA-SB or SBC.  Where convenient and feasible, cooperation with 

other Basin Offices, which are defined as “protected areas,” shall be undertaken to share 

the problems and experiences for development of the bylaw, particularly for the protected 

area. 

2) Increasing Awareness of Public and Political Leaders on Water Resource 

Management 

Purpose 

 

 

 

 

In order to duly change political attitude and further increase political willingness towards 

water resources management, increasing public awareness and gradual establishment of 

consensus for water resources management shall be important.  In other words, it is 

necessary to facilitate political commitment through increasing public awareness and 

consensus.  Thus, current efforts for public awareness campaign shall be further enforced 

by informing the seriousness of the water crisis in a first places through conducting 

activities mentioned below. 

Activities 

The awareness campaign shall be further conducted to the government agencies, 

corporations, and companies associated with the water development sector whether they 

are at central or local, and governmental or private for compliance of the relevant laws and 

regulations. 

Moreover, a package of public awareness campaign shall be developed and implemented 

suitable for the country’s unique socio-culture of “tribalism”.  Inheritance of their tribal 

land of prosperity to the next generation over the generation shall be one of the most 

important concerns for them so as to water on and under the ground which is regarded as 

servitude to the land in their custom.  Inheritance of less productive land to the next 

To change political attitude and further increase political willingness 

towards water resources management, through increasing public 

awareness and establish consensus for water resources management 

gradually  
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generation due to overexploitation of groundwater, shall be seriously recognized.  

Furthermore, education and information network for tribal authorities may be established.  

As far as possible, inter-tribal coordination system for the conciliation of their interests 

shall be identified and utilized to ease the current competitions of over-development and 

over-abstraction of groundwater. 

Provision of reliable information on the water crisis to the political entities shall be also 

significant.  Along with the awareness campaign for the public in general, the “right” 

political decisions based on reliable evidence on the water crisis in future shall increase 

public support with “vote”   

In addition, the following activities shall be undertaken for advocacy on IWRM for public 

and political leaders: 

‐ Review the existing Information and Public Awareness Campaign (IPAC) and assess 

its impact in groundwater preservation/control particularly in the rural area where 

tribal autonomy is strongly observed. 

‐ Study the system, value and autonomy of tribal communities in water resource 

management. 

‐ Develop the most effective and suitable options of IPAC for tribal communities. 

‐ Set program for all kinds of awareness raising activities for the public; designing and 

disseminating posters and brochures, workshop, informative meetings in the field, 

messages at schools and mosques, radio and TV messages, etc. 

‐ Intensify and scale-up the IPAC program developed as above. 

‐ Develop comprehensive sets of information to help progressive political decision 

making in water resource management for the parliament members and local 

politicians. 

‐ Organize consultative meetings for parliament members and local politicians to 

provide the right information for right political decision making in the basin-level 

water resource management. 

Responsibilities 

Prime responsibility for development of Bylaw and Regulation for Sana’a Basin rests with 

NWRA-SB.  However, involvement of parliament members and local politician shall be 

facilitated with support from NWRA Headquarters. 

3) Respect of Traditional and Tribal System 

Purposes 

 

 

 

The decentralized framework of local institutions and administrations introduced by the 

Water Law and other relevant laws and bylaws, however, seems to lack an effective 

mechanism to enhance active participation of “tribes” and “tribal systems” in decision 

making and execution for improved water resource management.  Therefore, Local 

institutions, not as formal but rather significant in their socio-culture, should include 

To include “tribes” or “tribal systems” in Local institutions, not as formal 

but rather significant in their socio-culture, in order to enforce regulations 

by decentralized local institutions and communities effectively. 
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“tribes” or “tribal systems,” which cannot be ignored and, in fact, can be regarded as the 

most governing institution, particularly in the highland area of the country, including areas 

of Sana’a Basin. 

One of the significant principles in the institutional and administrative framework 

employed in the Water Law of 2000, is to delegate authority in the management of water 

resources and enforcement of regulations to decentralized local institutions and 

communities, in which a self-regulating mechanism for water resource management is 

enforced.  Thus, improved participation of local institutions and communities throughout 

the process of water resource management (i.e. in decision making, execution and 

regulation and monitoring), becomes the most important determinant for the success of 

self-regulating mechanism for water management.   

With the present severe water condition, grade of impact on water resources will be 

different among sub-basins, which will be a cause of water conflict among tribes.  

Therefore, the establishment of an effective mechanism to enhance active participation of 

“tribes” and “tribal systems” in decision making and execution for improved water 

resource management is necessary to prevent such conflicts related to water. 

Activities 

Channels and networks to connect tribes and tribal systems shall be identified and 

developed as it is possible.  The term “tribal system” herein refers to the interrelationship 

among tribes, and it can be defined as a forum for groups of tribes to conciliate their 

interests, disputes, and conflicts.  In this line, involvement of tribal authorities in Basin 

Commission could be also considered.  Sana’a Basin Commission has been established in 

accordance with the Water Law and relevant Decrees, of which function has a two-fold 

characteristic:  one served as a decision making body for the Basin water management, 

while another functioned as a regulatory body.  The active participation of tribal 

authorities in such decision making and regulation, if support is granted, could be a 

supporting institutional support for enhancement of a self-regulating mechanism in water 

resource management. 

It shall be also emphasized that, the stakeholders involved in the decision making process 

for water resource management either at the central, local, and community level, shall take 

account of and apply where possible the traditionally and generally accepted principles and 

considerations.  Thus, tribal rules and customs developed over generations require respect, 

and can often be a sound and practical basis for cooperation between water users and 

resolution of conflicts in water management. 

The following activities shall be considered for incorporation of traditional and tribal 

systems in IWRM: 

‐ Study norms, values, autonomy, and conflict resolution systems of the tribal 

communities in water resource management; 

‐ Identify and develop channels and networks to involve tribal communities in decision 

making and enforcement of regulations in IWRM, as well as in settlement of the 

conflicts; 

‐ Review the membership of SBC, and include traditional leaders influential on the 

traditional communities in water resource management. 
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Responsibility 

Prime responsibility for the development of Bylaw and Regulation for Sana’a Basin rests 

with NWRA-SB with support from NWRA Headquarters. 

4) Improvement in Decentralized Framework of Local Administration and 

Organization 

Purpose 

 
 

 

 

In order to involve local institutions particularly Governorate Local Council and District in 

execution, enforcement, regulation and monitoring of the Water Law and program related 

to management in improved water resources management, and to improve decentralized 

framework, the current institutional structure should be improved by implementing the 

activities mentioned below. 

Activities 

The following activities shall be undertaken for the improvement of decentralized 

framework of local administrations and organizations: 

‐ Review the Water Law of 2002, Local Authority Law of 2000, and their relevant 

bylaws and regulations, to comprehend legislative framework for local administration 

and institutional settings in IWRM and basin-level water resource management; 

‐ Consult with Local Councils and Ministry of Local Administration to improve local 

administrative and organizational framework in IWRM and the basin-level water 

resource management; 

‐ Facilitate and support Local Councils to establish their executive organ for basin-level 

water resource management; 

Establish a mechanism to cooperate with Local Councils in the basin-level water resource 

management, in particular, in monitoring and enforcement of the regulations and rules set 

forth in the Water Law and its Executive Regulation. 

5.2.7 ORGANIZATIONAL DEVELOPMENT 

IWRM in the country could be successful only if basin-level management is properly and 

effectively carried out by the relevant local authorities and user communities.  Indeed, 

administrative and institutional framework as well as organizational structure set forth for 

IWRM in the Water Law and governmental decrees put great emphasis on delegation of power 

in water management to the lowest appropriate levels.  In the decentralized organizational 

framework determined for the State’s IWRM and the basin-level water resource management in 

Sana’a Basin, the following organizations take leading roles and responsibilities, namely, 

NWRA-SB and Local Council as local authorities, SBC as stakeholders’ platform for decision 

making in the basin management, as well as WUA as user community organization.  In this 

section, key organizational capacity areas to be developed for each of these organizations are 

discussed, as well as actions to be undertaken for the improvement. 

To improve the current institutional structure in order to involve local 

institutions particularly Governorate Local Council and District in improved 

water resources management 



Chapter 5: Water Resources Management Action Plan for Sana’a Basin 

5 - 17 

1) NWRA Sana’a Branch (NWRA-SB) 

(1) Development of Organizational Structure 

Purpose 

 

 

 

In order to ensure the organizational operation and management, such as mutual 

understandings, decision making process, system for giving and monitoring orders, and 

interdepartmental coordination/cooperation in NWRA-SB, finalization of their 

organizational bylaws and job-description based on tasks and duties allocated for them 

should be achieved by executing the activities mentioned below. 

Activities 

The following activities shall be undertaken for improvement of NWRA-SB’s 

organizational structure:  

‐ Review the Water Law of 2002, and its related executive regulation and decree, to 

comprehend the tasks and duties assigned to NWRA-SB. 

‐ Review and revise the draft organizational bylaws based on the assessment above. 

‐ Prepare organizational structure and job-description for each department/section of 

NWRA-SB, putting emphasis on proper planning, monitoring, and decision making 

process. 

‐ Facilitate approval on the prepared bylaws, organizational structure, and 

job-descriptions for each department/section. 

Responsibility 

Prime responsibility for development of organizational bylaws and structure rests with 

NWRA-SB with support from NWRA Headquarters. 

(2) Human Resource Development 

Purpose 

 

 

 

In order for NWRA-SB to be a relevant and responsible local authority for Sana’a Basin 

water resources management, enhancement of the authority’s technical capacity identified 

as priority such as groundwater modeling, legal framework, regulation and enforcement, 

user participation in the basin management should be carried out.   

 

Activities 

To finalize NWRA-SB’s organizational bylaws and job-description, in order 

to ensure the organizational operation and management. 

To enhance NWRA-SB’s technical capacity, in order to be a relevant and 

responsible local authority for Sana’a Basin. 
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The following activities shall be undertaken for improvement of NWRA-SB’s human 

resources:  

‐ Identify the training needs according to the capacity gaps assessed with re-defined 

tasks and duties in above. 

‐ Prepare strategic training program with budget setting. 

‐ Identify competent training providers in the country and abroad for the identified 

capacity development area. 

‐ Implement the training program and evaluate the impact. 

‐ Review staff remembrance/salary and introduce an improved incentive mechanism 

through pay rises and promotion based on a performance-based staff evaluation system. 

Responsibility 

Prime responsibility for the development of Bylaw and Regulation for Sana’a Basin rests 

with NWRA-SB with support from NWRA Headquarters. 

(3) Improved Financial Management 

Purpose 

 

 

 

Improvement of the capability of financial management should be addressed by 

implementation of activities mentioned below so as to properly undertake the planned 

water resources management. 

Activity 

The following activities shall be undertaken for improvement of NWRA-SB’s financial 

management:  

‐ Study the development and investment needs in the basin management according to 

the re-defined duties and tasks above. 

‐ Prepare middle and longer term (i.e. five-year and ten-year) development and 

investment plans according to the development and investment needs identified above. 

Responsibility 

Prime responsibility for the development of Bylaw and Regulation for Sana’a Basin rests 

with NWRA-SB with support from NWRA Headquarters. 

(4) Improved Regulation and Monitoring Mechanism 

Purpose 

 

 

 

To improve the capability of financial management in NWRA-SB, in order to 

undertake water resources management properly. 

To develop a mechanism of field monitoring network, in order to accelerate 

the progress of well registration and licensing. 
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In order to accelerate the progress of well registration and licensing, development of a 

mechanism of field monitoring network, in collaboration with other local authorities, 

especially with Local Councils, should be addressed by conducting activities mentioned 

below. 

Activity 

The following activities shall be undertaken for improvement of NWRA-SB’s monitoring 

and regulation. 

‐ Facilitate to develop bylaws and regulation particularly for Sana’a Basin as 

“protected area;” 

‐ Intensify the current registration and licensing program; 

‐ Develop local administrative and organizational framework for enforcement and 

monitoring with Local Councils. 

Responsibility 

Prime responsibility for the development of Bylaw and Regulation for Sana’a Basin rests 

with NWRA-SB with support from NWRA Headquarters. 

2) Local Councils 

Purpose 

 

 

 

Local Councils, whose tasks and duties include supervision and enforcement of rules and 

regulations, shall be further utilized and incorporated in the local organizational framework 

for the basin-level water resources management by the activities mentioned below. 

Activity and Responsibility 

Activities and responsibilities necessitated to improve local administrative and 

organizational coordination with Local Councils can be referred in section 5.2.7 4) 

“Improvement in Decentralized Framework of Local Administration and Organization”. 

3) Sana’a Basin Commission (SBC) 

Purpose 

 

 

 

In order to ensure the institutional arrangement to improve water resources management by 

means of a participatory water resources management approach, and a public information 

and awareness program, it is required for SBC to involve traditional leaders and tribal 

institution in decision making, enforcement of self-regulating water management 

To incorporate Local Councils in the local organizational framework of 

basin-level water resources management. 

To involve traditional leaders and tribal institution in order to ensure the 

institutional arrangement, and relevant supporting organizations in order to 

strengthen regulatory and monitoring systems 
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mechanism by implementing the activities mentioned below. 

Furthermore, in order to strengthen regulatory and monitoring systems, relevant supporting 

organizations such as the Ministry of Interior, Ministry of Local Administration, and 

Ministry of Justice to enforce water regulations, seems to be involved in SBC for its 

purpose. 

Activity and Responsibility 

Activities and responsibilities necessitated to improve SBC’s coordination with tribal 

system can be referred in section 5.2.6 3) “Respect on Traditional and Tribal System”. 

4) Water User Association (WUA) 

Purpose 

 

 

 

The key issue over the long term, herein, is the improved awareness of WUAs and WUGs.  

It is they that are going to handle the bulk of the regulation of water usage by the group and 

by each farmer through adoption of improved technologies with irrigation efficiency.  If 

this is done, and farmers simply use the water saved for higher application levels or to 

expand irrigated area, the entire point of this component – water saving – is lost.  Thus, 

the quality of WUAs/WUGs is a key need, and is more fundamentally important than the 

project’s achievement in terms of the number of WUGs and number of hectares.  In 

essence, it is more important to develop a successful program than to achieve targets that 

are not replicable or of demonstration value because they have not succeeded.  In the 

assessment for the WUAs and WUGs that have already been formed, their quality, in terms 

of social mobilization and training is not yet sufficient. 

Accompanied with this, there is limited training for WUAs/WUGs in agronomic practices 

that will result in water saving.  Beneficiaries should be acquainted with appropriate 

cropping patters in order to adapt to growing lower water consumption crops.  Training 

programs for the staff should emphasize efficient water use through proper knowledge of 

crop water requirements, irrigation scheduling and water saving, leading ultimately to 

increased productivity.  Thus, farmers’ extension services should focus on the aspects of 

operation and maintenance of improved irrigation equipment and agronomic practices.  

Also, they should be convinced not to expand to more crop area as a result of water saving 

through the modern irrigation systems.  Additionally, the tripartite agreement between 

farmers, the community organization and the NWRA-SB should be endorsed, and 

especially, the role of WUAs should be fully activated. 

Activity 

The following activities shall be undertaken for improvement of WUA in self-regulating 

water resource management: 

‐ Review the current methodologies and approaches to establish WUA, and assess its 

effectiveness in self-regulating water resource management. 

To improve awareness of WUAs and WUGs in order to save water 

consumption for irrigation use. 
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‐ Develop self-regulatory mandates for WUA in basin-level water resource 

management, and monitor its compliance. 

‐ Introduce monitoring system among Local Councils, NWRA-SB, and WUA for 

compliance of the self-regulatory mandates. 

Responsibility 

Prime responsibility for the development of Bylaw and Regulation for Sana’a Basin rests 

with NWRA-SB with support from NWRA Headquarters. 

5.3 CONSIDERATION OF ACTION PLAN 

Since the seven actions mentioned in this chapter are set to achieve the Scenario 3 as mentioned 

in section 4.5.2 in Chapter 4, it is required to address all actions.  The responsible 

organizations for each action are summarized and the relationship between action for 

institutional development and other actions are shown in Table 5.9.  In addition, the situation to 

be considered in each action is summarized in Table 5.9. 

In the column entitled “Situation of Activities,” three kinds of situations are listed.  In the 

column entitled “Effectiveness,” the saving amount by each action is mentioned.  Since the 

total amount of present water use for irrigation purposes is quite large, the contribution to saving 

is larger than others.  In the column of “Sate”, the status of the listed activities, whether it is 

already addressed by other projects or not, is mentioned.  Since some activities have been 

already addressed by SBWMP, SWSCL and the Government of Yemen, it is necessary to be 

taken into consideration the implementation of actions.  Then considering the progress of these 

activities by other projects and urgency, the activities to be accelerated are selected. 
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5.4 IMPLEMENTATION SCHEDULE FOR ACTION PLAN 

Table 5.10 shows the proposed implementation schedule for the Action Plan.  This schedule is 

prepared in consideration of the ongoing projects such as SBWMP and rehabilitation of WWTP, 

and is required to be re-scheduled considering the progress of each activity and in conformity 

with actual conditions under the initiative of NWRA-SB together with relevant organizations. 
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5.5 ACTIONS TO BE TAKEN FOR FURTHER PROGRESS 

5.5.1 PROTECTION OF GROUNDWATER RESOURCES FROM CONTAMINATION 

(1) Control of Contamination caused by Effluent from Factories 

Purpose 

 

 

 

It was reported that the infiltration of untreated effluent from factories, and oil and 

lubricant from small shops, have resulted in the contamination of groundwater.  Since the 

improvement of the sewage system will be completed more than 10 years from now, it is 

required for organizations concerned to take necessary action as soon as possible so as to 

protect limited groundwater from pollution. 

Activity 

(1) Preparation of inventory of possible sources of groundwater contamination 

Since there is little available information about effluent from factories and small shops 

which deal with oil and lubricant, it is necessary first to understand the present status of 

possible sources of contamination.   

(2) Increasing awareness of owners of factories, petrol stations, and small shops 

NWRA-SB in collaboration with SBWMP and EPA, has to carry out increasing awareness 

of owners of factories and small shops to minimize the adverse impact caused by the 

infiltration of untreated effluent, oil and lubricant. 

(3) Enforcement of Article (54) of Water Law and preparing its Executive Bylaw 

Article (54) of Water Law stipulating protection of water from contamination/pollution 

should be enforced by Ministry of Water and Environment properly.  In addition, its 

Executive Bylaw should be developed immediately. 

(4) Preparation of collection system for disposal of industrial waste 

Before the completion of expansion of WWTP in the year 2020, a collection system for the 

disposal of industrial waste should be considered and started in parallel with increasing 

awareness and enforcement of Water Law, in order to stop groundwater contamination as 

soon as possible. 

Responsibility 

Organizations related to these approaches and their responsibilities are described in Table 

5.11.  NWRA-SB is responsible for increasing awareness of owners of factories and small 

shops. 

To control the disposal of industrial waste in order to avoid groundwater 

contamination/pollution 
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Table 5.11 Responsibility for Control of Contamination 

Organization Responsibility 

MWE Development of executive bylaw 

NWRA-SB Increasing awareness of owners of factories and small shops 

 

(2) Control of Over-Utilization of Chemical Fertilizer and Pesticides 

Purpose 

 

 

 

The purpose of the control of over-utilization of chemical fertilizers and pesticides is to 

protect groundwater from contamination.  Since the beginning of cash crop cultivation c, 

farmers have applied much chemical fertilizer and pesticides to more benefit.  Sometimes, 

they have used dangerous pesticides which cause cancer.   

Activities 

NWRA-SB has already addressed to issue in cooperation with General Department of Plant 

Protection as one of the component of SBWMP.  Therefore, following activities shall be 

enhanced. 

- Promotion of farmers’ understanding to minimize these chemical fertilizer and 

pesticide use through enhanced awareness campaign, in cooperation with WUA. 

Responsibilities 

Organizations related to these approaches and their responsibilities are described in Table 

5.12.  NWRA-SB is responsible for increasing awareness of farmers and the monitoring 

of water quality. 

Table 5.12 Responsibility for Control of Over-Utilization of Chemical Fertilizer 
and Pesticides 

Organizations Responsibility 

General Department for Plant 

Protection 

Increasing awarenes of farmers regarding overuse of chemical 

fertilizer and pesticides 

WUA Increasing awareness of farmers 

NWRA-SB Increasing awareness of farmers, Monitoring of water quality 

 

5.5.2 EFFECTIVE USE OF SURFACE WATER 

(1) Effective Use of Water Harvesting 

Purpose 

 

To reduction the over-utilization of chemical fertilizers and pesticides, in 

order to prevent groundwater contamination 

To utilize water harvesting structures as much as possible in order to 

mitigate the depletion of groundwater. 
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In order to mitigate the decrease of groundwater, surface water shall be utilized as much as 

possible by means of water harvesting methods which has been used for a long time in the 

country such as cisterns, ponds, terraces, rooftops in urban areas, and the diversion of 

floods, etc..   

Activities 

(1) Preparation of an inventory of existing water harvesting methods 

Prior to promote the farmers’ understanding to use water harvesting systems properly, it is 

necessary to prepare an inventory of existing water harvesting methods so as to understand 

the present status of these methods and to formulate the plan of activities followed.   

(2) Promotion of farmers’ understanding of proper use of water harvesting system 

Based on the inventory prepared, a program for the increasing awareness of farmers on 

using water harvesting methods should be prepared, then this activity should be 

commenced and supported under the initiative of WUAs and Local Councils. 

Responsibilities 

Organizations related to these approaches and their responsibilities are described in Table 

5.13.  NWRA-SB will be responsible for the evaluation of recharge and monitoring. 

Table 5.13 Responsibility for Effective Use of Water Harvesting 

Organizations Responsibility 

MAI Support for maintenance of these method 

WUA, WUG Maintenace and operation 

Local Council Support for maintenace 

NWRA-SB 
Increasing awareness of farmers regarding the necessity of 

water harvesting 

 

 

(2) Consideration of Recharge and Sub-Surface Dams 

Purpose 

 

 

 

Purpose of this activity is to consider the right way to optimize the recharge to groundwater 

through surface and/or subsurface dams.  Inside Sana’a Basin, so far, 38 dams, of which 

13 dams are also used for irrigation and drinking purpose, have constructed, and another 

three dams are under construction for the purpose of recharge to groundwater.  According 

to the information from SBWMP, the good result, that is, recovering the groundwater level 

at shallow wells were observed, but insufficient results were also observed in some cases.  

Thus, the necessity of a comprehensive study for optimizing the recharge function of these 

structures has been discussed among organizations concerned. 

To consider the most effective way in order to optimize the recharge to 

groundwater through surface and/or subsurface dams 
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Activities 

(1) Monitoring and evaluation of on-going activities related to recharge improvement 

NWRA-SB in collaboration with MAI should monitor and evaluate the results of 

rehabilitation and construction of dams which will be conducted in SBWMP form the view 

point of effectiveness. 

(2) Consideration of an integrated approach towards appropriate management of recharge 

 system 

Based on the results of evaluation of activities of SBWMP related to the enhancement of 

recharge, a comprehensive plan to improve the effectiveness of recharge to groundwater 

should be considered. 

 

Responsibilities 

Organizations related to these approaches and their responsibilities are described in Table 

5.14.  NWRA-SB will be responsible for the evaluation of the results of activities carried 

out in SBWMP. 

Table 5.14 Responsibility for Consideration of Dams 

Organizations Responsibility 

MAI Execution agency 

WUA In charge of operation and maintenance 

EPA 
Evaluation of the results of social and environmental 

considerations 

NWRA-SB 
Evaluation of the results of dam rehabilitation and 

construction 

 

5.5.3 OPTIMIZATION OF WATER SUPPLY COVERED BY PRIVATE SUPPLIER IN SANA’A CITY 

Purpose 

 

 

 

The portion of the population not covered by the public network, which is around 64% of 

population of Sana’a city, has obtained water from private suppliers by means of tankers 

and small networks with rather high tariffs and unsecured water quality.  No monitoring 

system for this private water supply has been established, therefore, efficiency of the 

private water supply has not been clarified yet.  As observed inside the city, water tankers 

has moved having leakage of water.   

In fact, since the public water supply does not have enough capacity to supply water for the 

increasing demand caused by rapid population growth in Sana’a city, private suppliers have 

functioned to fulfill the demand.  However, from the view point of reducing water loss 

and securing water quality, a monitoring system aimed at private suppliers shall be 

To optimize water supply condition covered by private supplier in order to 

save overuse amount of water 
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established so as to manage water resources.  

Activities 

- Comprehension of the present situation of private water supply and establishment of a 

database; 

- Increasing awareness of private suppliers on water saving; 

- Consideration of introduction of meter for monitoring purposes; 

For these activities, the following considerations should be taken: 

  - incentives and regulation for private suppliers; 

  - coordination with SWSLC; 

  - compensation for private supplier which might be caused by the expansion of public 

   network 

Responsibilities 

Related organizations and their responsibilities are described in Table 5.15. 

Table 5.15 Responsibility for Improvement of Water Use Efficiency for Urban 
Water Supply Covered by Private Suppliers 

Organizations Responsibility 

SWSLC, Municipality Coordination with private supplier 

NWRA-SB 
Increasing awareness of private supplier on saving water, 

Monitoring of quantity 

 

NWRA-SB is responsible for the increasing awareness of private supplier on saving water, 

and monitoring of their water use situation. 

 

5.5.4 INTER-REGIONAL AND SECTORIAL REALLOCATION OF WATER RESOURCES 

Purpose 

 

 

 

In order to make the period of depletion of the sub-basin even as much as possible, it is 

required to reallocate water resources among sub-basins and from irrigation purposes to 

urban domestic purposes.  Around 20 MCM of groundwater has to be transferred to 

“Wadi Al Mawrid” where the capital city of Sana’a is located from other neighbor 

sub-basins in the year 2020 by reducing irrigated area. 

Activities 

(1) Reallocation of water from irrigation purpose to urban domestic purpose 

To reallocate water resources from sub-basin to sub-basin and irrigation 

use to domestic use in order to make the period to depletion of water in the 

sub-basin even as much as possible by reducing irrigated area 
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Around 20 MCM of groundwater should be transferred to “Wadi Al Mawrid” for urban 

water supply from other neighboring sub-basins in the year 2020.  Then the grace to be 

very critical situation of water resources of each sub-basin could be nearly even and source 

of urban water supply can be secured.  In addition, water conflict among tribes which 

might be happened can be reduced.  Sub-basins where water resources can be transferred 

are selected from the view points of the following: 

- Consumption of irrigation is high 

- Location of sub-basin is relatively close to capital city of Sana’a 

 

(2) Promotion of understanding of the tribes to transfer water from their own land to other 

places, and to across the transmissions 

The success of this activity is recognized as the most important and difficult one.  The 

activity should be properly addressed in early stage, since without their understanding and 

cooperation, the transferring water cannot be successfully implemented.  Therefore, 

considering the sensitivity of “tribes,” this activity should be addressed in accordance with 

the activity mentioned in the section 5.2.6 3) “Respect towards Traditional and Tribal 

Systems” in this Chapter. 

Responsibilities 

Related organizations and their responsibilities are mentioned in Table 5.16.   

Table 5.16 Responsibility for Improvement of Reallocation of Water for Urban 
Water Supply 

Organizations Responsibility 

1 
Sana’a Water Supply and Sanitation Local 

Corporation (SWSLC), Sana’a Municipality 

Execution organization  

2 Ministry of Agriculture and Irrigation (MAI) Execution organization  

3 WUA 
Raising public awareness of people 

4 
General Authority for Rural Water Supply 

Projects (GARWSP) 

Execution agency 

5 Local Council Coordination among villages in the distict 

6 NWRA-SB 

Analysis of available water resouces, Propose 

relevant reallocation plan, Raising public 

awareness on water transfer 

 

Under the initiative of NWRA-SB, increasing awareness of farmers on improvement of 

water use efficiency, incentive or compensation to be given, coordination among Local 

Councils and WUAs and implementation of water reallocation shall be conducted. 
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

Conclusions obtained through the Study are as follows. 

(1) As a result of review of the existing reports and literature, it is concerned that the water 

resources potential in Sana’a Basin would not be able to meet the projected future water 

demand after the year 2020.  Therefore, the reduction of water consumption is 

fundamental measures towards sustainability of water resources in Sana’a Basin. 

(2) Four scenarios of future water demand are made on the basis of the existing plans and 

plans set in the Study so that the possibility of reduction of water resources consumption is 

examined.  As a result, the scenario aiming at reducing water demand in the year 2020 

from 349.6 MCM to 196.6 MCM is selected as the scenario having possibility of 

implementation of measures and utmost reduction of water consumption.  The scenario 

makes possible to extend the grace to be very critical situation of water resources until the 

year 2036 that is around 30 years later from 2007. 

(3) Water Resources Management Action Plan for Sana’a Basin focuses on reducing overuse 

of water resources, securing domestic water and development of institution and 

organization.  Total amount of water to be reduced by 2020 is estimated to be 153 

MCM/year in 2020 in the selected Scenario.  The reduction is able to mainly be 

accomplished by the improvement of irrigation efficiency, reducing physical loss of urban 

water supply and reuse of treated wastewater. 

(4) Difference of degree of water imbalance among sub-basins which would become one of 

the causes of conflict happened by deficit of water, will be mitigated by utilizing treated 

wastewater and reallocation of water resources consumed in irrigation purpose. 

6.2 RECOMMENDATIONS 

Recommendations for the implementation of Action Plan towards sustainability of water 

resources in Sana’a Basin are as follows. 

(1) Immediate commencement of the actions 

Considering the critical conditions of water resources inside Sana’a Basin, under the 

initiative of SBC and NWRA-SB, organizations concerned are strongly required to 

immediately launch actions formulated in the Action Plan. 

(2) Effective implementation of the Action Plan 

In order to smoothly and effectively implement the water resources management action 

plan, NWRA-SB is advised to take necessary actions for budget allocation, and required to 

periodically monitor the progress of implementation of actions and modify the plan, if 

necessary, in accordance with the result of monitoring with SBC. 

(3) Finalization of Executive Regulation and bylaw 

It is recommended that finalization of Executive Regulation and development of Sana’a 

Basin Bylaw be forwarded, since groundwater utilization metering and groundwater charge 
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levying shall be one of the most indispensable prescriptions to address the issues of 

over-consumption for water-demanding cash crop and excessive water loss. 

(4) Incorporating Local Council into implementation of actions 

Given the limited number of staff of NWRA-SB and responsibility of Local Council for 

basin level water resources management, there is a significant need of establishment of 

system to incorporate local council in the field monitoring network. 

(5) Effective dissemination of improved irrigation method 

The improvement of irrigation efficiency at all farmlands is one of the pillars of the Action 

Plan.  However, it has been reported that the progress of dissemination of improved 

irrigation method was in behind, which was attributed to the lack of awareness of farmers 

on the system and insufficient experience of officials.  Therefore, the officials of MAI and  

NWRA-SB, and member of WUAs are strongly recommended to enhance their skills on 

the method and to carry out more effective promotion activities. 

(6) Reducing the water consumption for Qat plantation 

Since Qat plantation has consumed more than half of the extracted groundwater for 

irrigation purpose, in case Qat plantation was continued, the limited groundwater resources 

would be continue to be decreased.  Therefore, water consumption for Qat plantation 

should be greatly reduced to keep the sustainability of groundwater resources.  For this 

purpose, it is recommended that courageous solutions, for example, allowing import of Qat 

from outside of Yemen as proposed by Bahamish (2006), be discussed and launched by the 

Government of Yemen immediately. 

(7) Improvement of capacity of NWRA for monitoring and analysis 

In order to appropriately manage water resources, monitoring and analysis based on the 

hydrogeological condition such as depth of aquifers and those distribution, and feedback of 

result of analysis on the contents of action plan are required.  Therefore, NWRA is further 

advised to enhance their competence in hydrogeological analysis and feedback the result of 

analysis on the action plan. 
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