
























TABLE OF CONTENTS 
 
 

WATER RESOURCES PLANNING & 
MANAGEMENT 
 
challenges and Opportunities in                                                                                    1 
Implementing Integrated water resources 
management (IWRM) in ESCWA Member Countries 
Roula Majdalani 
  
Integrated water resources management                                                            21 
setting the stage 
Evan Vlachos 
 
Water ethics perspective in the Arab region                                                       29 
Faraj A. El-Awar, Mohammad J. Abdulrazzak and 
Radwan Al-Weshah 
 
Water privatization learning from different case studies                                  49 
Abdullah Bin Abdullaziz Al-Shaikh and 
Abdullatiff Abdullah Al-Harkan 
 
Public-private partnership: Trends and                                                             69 
experiences GCC perspective and pragmatic approach 
Ghiyath Nakshbendi 
 
The opportunities for water resources management in the                                        81 
Emirate of Abu Dhabi, United Arab Emirates 
Mike Brook, Mohamed Dawoud, Huda Al Houqani 
 
A Millenarian Water-Rights System and                                                                      91 
Water – Markets in Oman 
Slim Zekri & Ahmed Al-Mashudi 
 
Water Management for Kuwait In the 21st Century                                                 109 
M.N. Vishwanatahn 
 
 
 



Integrated Water Resources Management                                                                 117 
The United Nations Water Virtual Learning Center 
Velma I. Grover, Colin Mayfield 
 
Evaluation of Water Management in Bahrain – A Case Study                                129 
Abdulrahman M. Buali 
 
DEVELOPMENT & MANAGEMENT 
OF NATURAL WATER RESOURCES 
 
a) Ground Water Resources 
 
State of water resources in the ESCWA region                                                          143 
Yusuf Al-Mooji and Tarek Sadek 
 
Participation in ground water protection                                                                   165 
Fatima Abdel Rahman Attia 
 
Groundwater Vulnerability Mapping:                                                                       177 
An effective tool for preventing Groundwater pollution 
Abdullah Droubi and Manfred Hobler 
 
Application of mathematical models in                                                                      203 
Developing and managing coastal groundwater: 
Physical approaches, numerical developments and applications 
A. Larabi and A. Aharmouch 
 
On Groundwater models and the need of sufficient and                                          226 
reliable data, examples, dependencies and interrelations 
Mahmoud Al-Sibai 
 
Simulation of groundwater conditions in the                                                             235 
vicinity of wadi Al-Jizzi Dam, Sultanate of Oman 
Rashid Al-Kindi 
Mohsen Sherif 
 
GIS – Based hydrogeological and geophysical studies for                                        247 
groundwater exploration in the wadi tawiyean area, UAE 
Salim Akram, Ahmed Al Mahmoudi, 
Abdelazim Ebraheem and Ampar Shetty 
 



Ground – surface deformation over Al Ain and Surround Area,                            259 
United Arab Emirates, measured by interferometric 
synthetic aperure radar (INSAR) 
Zhong Lu, Russel Rykhus, Ohig Kwoun, 
Armando Robledo, Douglas Trudeau, 
Larry Tieszen 
 
A cost-effective method to map the top of                                                                  270 
shallow groudwater systems 
Mohammad Makkawi and Abdullatif Al-Shuhail 
 
A Hydrogeological and Quantitative Groundwater                                                  277 
assessment of the basaltic aquifer, 
Northern Harrat Rahat, Saudi Arabia 
Abdulaziz Al-Shaibani , John W. Lloyd, 
Abdulwahab A. Abokhodair and 
Abdulwahab Al-Ahmari 
 
Relationship between excessive production rate                                                       293 
and produced groundwater quality 
Musaed N.J. Al-Awad 
 
Groundwater Evaluation and modeling of East Messan – Iraq                               305 
Dhia Yaqub Bashoo and Samaher Lazim 
 
Groundwater balance and flow analysis methods for                                               319 
sub-surface dam in the southwestern islands of Japan 
Michaimasa MENJO, Tomoki HOTTA, Takahiko TATEISHI, 
Hitoshi OUMURA and Teruhiko U SUI 
 
Microbial assessment of groundwater                                                                        335          
Hashmi H.N., Malik, N.E., Qureshi, M.M. 
 
Groundwater management: modelling of                                                                  347 
salt transport with the TVD schemes 
Lahcen ZOUHRI, Hassan SMAOUI, 
Jacky MANIA, Christian Gorini 
 
Pore-network model simulating the concurrent flow of                                           355 
three immiscible fluids 
Ahmed Al-Futaisi and Tad W. Patzek 
 



DEVELOPMENT AND MANAGEMENT 
OF NATURAL WATER RESOURCES 
 
b) Surface Water Resources 
 
Hydrology of Wadi Systems                                                                                         369 
Howard S. Wheater 
 
Comparing Eddy Covariance and soil water balance methods                               389 
for evapotranspiration measurement in palmyraoasis 
Ihad Jnad, Jean Pierre BRUNEL, Abdullah Droubi 
 
Water conservation and management in an                                                               399 
extreme arid area of Pakistan 
Muhammad Akram Kahlown, Muhammad Akram and 
Muhammad Azam 
 
Simulation of surface water runoff and groundwater resources                             409 
in Wadi Ham, UAE 
Mohsen Sherif, Ampar Shetty 
 
GIS-based hydrogeological studies for the assessment of                                         423 
groundwater recharge from the dam of Wai Al Bih, UAE 
Mohammed Al Assam, Ahmed Al Matari, 
Hassan Garamoon and Nada Al Swaidi 
 
Methods of groundwater recharge                                                                              437 
estimation in Arid Regions 
Ali M. Subyani 
 
Use of “Modflow” for the assessment of recharge contribution to                          449 
groundwater from a surface irrigation conveyance system 
Muhammad Arshad and Rai Niaz Ahmed 
 
A sustainable approach for supply augmentation                                                     461 
through integration of two non-conventional water resources 
Mohan Bahadur Karkee 
 
 
 
 



Use of Environmental Tracers to identify and date                                                   471 
recent recharge to the surficial Aquifer of northeastern 
Abu Dhabi Emirate, United Arab Emirates 
Robert B. Symonds, Armando R. Robledo, Hussein, H. Al-Shateri 
 
Fog Collection in the western mountainous parts of Yemen                                    487 
Abdulla A. Noman 
 
An Investigation of the Alluvial Aquifer of Wadi Hawasina                                    497 
Catchment and the effect of the dam on groundwater recharge 
and quality, Oman 
Salim Al-Khanbashi 
 
Rainfall-runoff modelling in the arid areas                                                               509 
Aisha Al-Qurashi and 
Homard S. Wheater 
 
Construction, Calibration and validation of a                                                           527 
catchment management model for the netecatchment 
M.H. Rubarenzya, P. Willems, J. Berlamont, J. Feyen 





 
 
 
 
 
 
 
 
 
 
 
 

Challenges and Opportunities in 
Implementing Integrated water resources 

management (IWRM) in ESCWA Member Countries 
 

Roula Majdalani 
 









































 
 
 
 
 
 
 
 
 
 
 
 

Integrated water resources management 
setting the stage 

 
Evan Vlachos 

 



















 
 
 
 
 
 
 
 
 
 
 
 

Water ethics perspective in the Arab region 
 

Faraj A. El-Awar, Mohammad J. Abdulrazzak and 
Radwan Al-Weshah 

 











































 
 
 
 
 
 
 
 
 
 
 

 
Water privatization learning from different case studies 

 
Abdullah Bin Abdullaziz Al-Shaikh and 

Abdullatiff Abdullah Al-Harkan 
 











































 
 
 
 
 
 
 
 
 
 
 

 
Public-private partnership: Trends and 

experiences GCC perspective and pragmatic approach 
 

Ghiyath Nakshbendi 
 

























 
 
 
 
 
 
 
 
 
 
 

 
The opportunities for water resources management in the 

Emirate of Abu Dhabi, United Arab Emirates 
 

Mike Brook, Mohamed Dawoud, Huda Al Houqani 
 























 
 
 
 
 
 
 
 
 
 
 

 
A Millenarian Water-Rights System and 

Water – Markets in Oman 
 

Slim Zekri & Ahmed Al-Mashudi 
 
 





































 
 
 
 
 
 
 
 
 
 
 

 
Water Management for Kuwait In the 21st Century 

 
M.N. Vishwanatahn 

 

















 
 
 
 
 
 
 
 
 
 
 

 
Integrated Water Resources Management 

The United Nations Water Virtual Learning Center 
 

Velma I. Grover, Colin Mayfield 
 



























 
 
 
 
 
 
 
 
 
 
 

 
Evaluation of Water Management in Bahrain – A Case Study 

 
Abdulrahman M. Buali 

 

































 
 
 
 
 
 
 
 
 
 
 

 
State of water resources in the ESCWA region 

 
Yusuf Al-Mooji and Tarek Sadek 

 















































 
 
 
 
 
 
 
 
 
 
 

 
Participation in ground water protection 

 
Fatima Abdel Rahman Attia 

 
 



























 
 
 
 
 
 
 
 
 
 
 

 
Groundwater Vulnerability Mapping: 

An effective tool for preventing Groundwater pollution 
 

Abdullah Droubi and Manfred Hobler 
 























































 
 
 
 
 
 
 
 
 
 
 

 
Application of mathematical models in 

Developing and managing coastal groundwater: 
Physical approaches, numerical developments, and applications 

 
A. Larabi and A. Aharmouch 

 

















































 
 
 
 
 
 
 
 
 
 
 

 
On Groundwater models and the need of sufficient and 
reliable data, examples, dependencies and interrelations 

 
Mahmoud Al-Sibai 

 



















 
 
 
 
 
 
 
 
 
 
 

 
Simulation of groundwater conditions in the 

vicinity of wadi Al-Jizzi Dam, Sultanate of Oman 
 

Rashid Al-Kindi 
Mohsen Sherif 

 



























 
 
 
 
 
 
 
 
 
 
 

 
GIS – Based hydrogeological and geophysical studies for 
groundwater exploration in the wadi tawiyean area, UAE 

 
Salim Akram, Ahmed Al Mahmoudi, 

Abdelazim Ebraheem and Ampar Shetty 
 

























 
 
 
 
 
 
 
 
 
 
 

 
Ground – surface deformation over Al Ain and Surround Area, 

United Arab Emirates, measured by interferometric 
synthetic aperure radar (INSAR) 

 
Zhong Lu, Russel Rykhus, Ohig Kwoun, 
Armando Robledo, Douglas Trudeau, 

Larry Tieszen 
 

























 
 
 
 
 
 
 
 
 
 
 

 
A cost-effective method to map the top of 

shallow groudwater systems 
 

Mohammad Makkawi and Abdullatif Al-Shuhail 
 















 
 
 
 
 
 
 
 
 
 
 

 
A Hydrogeological and Quantitative Groundwater 

assessment of the basaltic aquifer, 
Northern Harrat Rahat, Saudi Arabia 

 
Abdulaziz Al-Shaibani , John W. Lloyd, 

Abdulwahab A. Abokhodair and 
Abdulwahab Al-Ahmari 

 

































 
 
 
 
 
 
 
 
 
 
 

 
Relationship between excessive production rate 

and produced groundwater quality 
 

Musaed N.J. Al-Awad 
 

























 
 
 
 
 
 
 
 
 
 
 

 
Groundwater Evaluation and Modeling 

 Of East Messan – Iraq 
 

Dhia Yaqub Bashoo and Samaher Lazim 
 































 
 
 
 
 
 
 
 
 
 
 

 
Groundwater balance and flow analysis methods for 

sub-surface dam in the southwestern islands of Japan 
 

Michaimasa MENJO, Tomoki HOTTA, Takahiko TATEISHI, 
Hitoshi OUMURA and Teruhiko U SUI 

 

































 
 
 
 
 
 
 
 
 
 
 

 
Microbial assessment of groundwater 

 
Hashmi H.N., Malik, N.E., Qureshi, M.M. 

 

























 
 
 
 
 
 
 
 
 
 
 

 
Groundwater management: modelling of 

salt transport with the TVD schemes 
 

Lahcen ZOUHRI, Hassan SMAOUI, 
Jacky MANIA, Christian Gorini 

 



















 
 
 
 
 
 
 
 
 
 
 

 
Pore-Network Model Simulating the Concurrent  

Flow of Three Immiscible Fluids 
 

Ahmed Al-Futaisi and Tad W. Patzek 
 































 
 
 
 
 
 
 
 
 
 
 

 
Hydrology of Wadi Systems 

 
Howard S. Wheater 

 









































 
 
 
 
 
 
 
 
 
 
 

 
Comparing Eddy Covariance and Soil Water Balance Methods 

for Evapotranspiration Measurement in Palmyraoasis 
 

Ihad Jnad, Jean Pierre BRUNEL, Abdullah Droubi 
 





















 
 
 
 
 
 
 
 
 
 
 

 
Water Conservation and Management in an 

Extreme Arid Area of Pakistan 
 

Muhammad Akram Kahlown, Muhammad Akram and 
 























 
 
 
 
 
 
 
 
 
 
 

 
Simulation of Surface Water Runoff and  

Groundwater Resources in Wadi Ham, UAE 
 

Mohsen Sherif, Ampar Shetty 
 





























 
 
 
 
 
 
 
 
 
 
 

 
GIS-based hydrogeological studies for the assessment of 
groundwater recharge from the dam of Wai Al Bih, UAE 

 
Mohammed Al Assam, Ahmed Al Matari, 
Hassan Garamoon and Nada Al Swaidi 

 





























 
 
 
 
 
 
 
 
 
 
 

 
Methods of groundwater recharge 

estimation in Arid Regions 
Ali M. Subyani 

 

























 
 
 
 
 
 
 
 
 
 
 

 
Use of “Modflow” for the assessment of recharge contribution to 

groundwater from a surface irrigation conveyance system 
 

Muhammad Arshad and Rai Niaz Ahmed 
 



























 
 
 
 
 
 
 
 
 
 
 

 
A sustainable approach for supply augmentation 

through integration of two non-conventional water resources 
 

Mohan Bahadur Karkee 
 
 





















 
 
 
 
 
 
 
 
 
 
 

 
Use of Environmental Tracers to identify and date 

recent recharge to the surficial Aquifer of northeastern 
Abu Dhabi Emirate, United Arab Emirates 

 
Robert B. Symonds, Armando R. Robledo, Hussein, H. Al-Shateri 

 



































 
 
 
 
 
 
 
 
 
 
 

 
Fog Collection in the western mountainous parts of Yemen 

 
Abdulla A. Noman 

 





















 
 
 
 
 
 
 
 
 
 
 

 
An Investigation of the Alluvial Aquifer of Wadi Hawasina 

Catchment and the Effect of the Dam on Groundwater 
Recharge and Quality, Oman 

 
Salim Al-Khanbashi 

 

























 
 
 
 
 
 
 
 
 
 
 

 
Rainfall-runoff modelling in the arid areas 

 
Aisha Al-Qurashi and 
Homard S. Wheater 

 





































 
 
 
 
 
 
 
 
 
 
 

 
Construction, Calibration, and Validation of a 

Catchment Management Model for the Netecatchment 
 

M.H. Rubarenzya, P. Willems, J. Berlamont, J. Feyen 
 
































