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The Water Cycle

Is there enough Renewable Freshwater Resources (RFWR)?

Smart Management of the Fresh Water Resources (Conventional and Non- Conventional Water Resources) 

Conventional Water Resources

- Surface water (Fresh & Saline)

- Groundwater

Non-Conventional Water Resources

- Frozen water (Icebergs) 

- Rainwater harvesting & flood management

- Recycle of the residential water (black and greywater)

- Smart water irrigation, smart water agriculture, smart water industry

- Reforming water policies

Integrated Water Resource Management (IWRM)

Case Study (South Korea)

Outline:



The Water Cycle

The water on the Earth flows from the atmosphere 

to the ground. And then from the rivers to the sea, 

from where it returns to the atmosphere. 

Horizontal Flows: Water runoff on the surface. 

Vertical Flows: Water infiltration and evaporation.

Blue Water: Surface water and groundwater

Green Water: Soil water, available for plants

White Water: Atmospheric water 



Data Source: Global Change in the Geosphere-Biosphere, NRC.



The Water Cycle
• Sustains Life on Earth

• Shapes the Surface of the Earth

• Regulates the Climate

No one has very much Oxygen and Water



Is there enough Renewable Freshwater Resources (RFWR)?

• Driven by increasing populations (the world 

population rises by approximately 200,000 a week), 

growing urbanization, changing lifestyles, and 

economic development, the total demand for 

freshwater in urban areas is rising dramatically.

• According to a World Bank study (2007), the 

renewable fresh water availability per capita is 

expected to halve by 2050 (relative to 2007), due to 

climate change which makes many regions hotter 

and drier.

• Water stress and water scarcity challenges will have a severe economic and social 

implications. Noteworthy, the challenges for governments and water utilities are not only to 

increase the absolute volume of the freshwater supply but also optimizing the efficiency of 

water use and distribution.



Is there enough Renewable Freshwater Resources (RFWR)?

Total renewable freshwater resources of the world, in mm/yr (1 mm is equivalent to 1 l of water per m²)

Source: Döll, P., Fiedler, K. (2008): Global-scale modeling of groundwater recharge. Hydrol. Earth Syst. Sci., 12, 863-885.

http://www.hydrol-earth-syst-sci-discuss.net/4/4069/2007/hessd-4-4069-2007.pdf


Distribution of Mean Annual Precipitation

Is there enough Renewable Freshwater Resources (RFWR)?



The Largest Rivers on Earth

Rivers have been, and 

remain, our most vital 

water infrastructure.

Is there enough Renewable Freshwater Resources (RFWR)?



2016 



Percent of Population Facing Severe Water Stress, 2030

2017 Publications; 41% of the world population is in drought or water stressed regions.

International Water Management Institute predicts that by 2025, all of Africa and Middle East, as well as 

most of South and Central America and Asia, will run out of water or not be able to afford it.



Therefore, ICT smart management of 
the water resources is a MUST…..



Smart Management of the Fresh Water Resources

Conventional water resources Non- Conventional water resources

• Surface water (Fresh & Saline)

• Groundwater

• Frozen water (Icebergs) 

• Rainwater harvesting & flood 

management

• Recycle of the residential water (black 

and greywater)

• Smart Irrigation, smart agriculture, smart 

industry

• Reforming water policies



Conventional water resources

• Surface water (Fresh & Saline)

• Groundwater



• Surface water (Fresh)

Which comprises  rivers, streams, lakes, 

lagoons,….etc.

ICTs play a crucial role in;

 Telemetering and telecontrol systems

Real time monitoring and diagnosis, as well 

as automatic controls improve the 

supervision and optimize of water resources 

management.



 Big Data Analytics: 

Smart monitoring and metering at scales 

from basins to households will  enable 

robust management of big data

Grand River, Ontario, Canada

ICT in surface water (fresh)



 Modeling

ICT in surface water (fresh)
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 Risk assessment and early warning system (EWS)

ICT in surface water (fresh)



Benefits: 

ICTs smart technology (intelligent sensors, wireless 

communications, code-division multiple access (CDMA), 

satellite images, and GIS) will enable;

 Real-time efficient management of reliable water 

demand and supply, 

 Disaster prevention, 

 Water quantity & quality, 

 Optimized distribution, and 

 Optimized ecosystem.



• Surface water (Saline) 

Which comprises seawater & salt lakes,…..etc.

Saline water represents 97% of water on the earth 

ICTs play a crucial role in;

 Desalination technologies 

Solar Powered Water Desalination

Membrane Filtration, Reverse-Osmosis 

Seawater Desalination System

ICT in surface water (saline)



• Groundwater
Represents 30% of freshwater on the earth 

ICTs play a crucial 

role in;

 Groundwater exploration

 Regular and real time 

monitoring, diagnosis, 

modeling, automatic 

controls for surface water 

resources

ICT in groundwater



Non-Conventional water resources

• Frozen water (Icebergs) 

• Rainwater harvesting & flood management

• Recycle of the residential water (black and greywater)

• Smart irrigation, smart agriculture, smart industry

• Reforming water policies



Non-Conventional water resources

• Frozen water (Icebergs) 

Represents 68.7% of freshwater on the earth 





Non-Conventional water resources

• Rainwater harvesting & flood management



Non-Conventional water resources

• Recycle of the residential water (black and greywater)



Non-Conventional water resources

• Smart Irrigation 



Non-Conventional water resources

• Smart agriculture 



Non-Conventional water resources

• Smart agriculture 



Non-Conventional water resources

• Smart industry



Non-Conventional water resources

• Reforming water policies

Should involve the society, public 

domain, governments, NGO, 

institution, academia, private 

sector,…etc



Integrated Water Resources Management
(IWRM)



Traditional versus integrated water management including

best management/LIDs (US EPA, 2012)



Integrated Water Resources Management







Case Study (South Korea): The system functions to combine real-time data (covering 

water level, rainfall, water quality, …..etc.) and video of closed-circuit televisions from major dams, river, 

streams in the country for 24/7 monitoring services. K-water shares the data with the Korea 

Meteorological Administration, the Ministry of Land, Infrastructure and Transport of Korea

Korean communication satellite network (satellite + CDMA communication network)



Enterprise integrated water management system 

between meteorological and hydrological data, South Korea



Thank You


