
Smart Technologies for Water Management in Support of 

Agricultural Production and Irrigation

Prof. Mohamed H. Khalil
ITU expert 

ITU Regional Workshop on “Prospects of Smart Water Management (SWM) in Arab Region”
Khartoum-Sudan, 12 December 2017 



Outline:

Definitions 

Challenges in Water Management for Agricultural and Irrigation

Objective 

Smart Agricultural Water Efficiency

• Expansion and Enhancement of Monitoring System

• Development and Rehabilitation of Water Resources

• Enhancement of Water Management Technology

• Development of ICT Applications

• Integrated Water Resources Management (IWRM)

Case Study



Definitions 



Agricultural Water Efficiency (AWE): 

AWE has been generally defined as the 

ratio of crop yield to water used to produce 

the yield; (Ali and Talukder, 2008; Boutraa, 

2010; Fan et al., 2012). The term can be 

used for a wide range of scales from the 

basin to the farm or to the level of plant 

part. Different similar terms are in use like 

Water Productivity, Irrigation Efficiency, 

and Water Conservation

Definitions 



A. Water Productivity: This represents the ratio of the aboveground biomass per unit of water transpired by the 

crop (Steduto, 2007; Levidow et al., 2014).

B. Irrigation Efficiency: Irrigation engineers have another term for AWE which is “Irrigation Efficiency”. This is 

expressed as the ratio of water beneficially used to the total water applied (Sinclair et al., 1984). There are 

more than 30 different definitions of irrigation efficiency currently used (Edkins, 2006; Jensen, 2007; Halsema

and Vincent, 2012).

C. Water Conservation: California DWR (2012) used the term “Water Conservation”, defined as the efficient 

management of water resources for beneficial uses, preventing waste or accomplishing additional benefits 

with the same amount of water. 

Definitions 



Challenges in Water Management for 

Agricultural and Irrigation



2017 to 2050…

70% more food is required (OECD, 2015).

The world population reached 7.5 billion in 2017 

and is expected to increase to about 9.8 billion 

by 2050. 

Challenges in Water Management for Agricultural and Irrigation



The world’s cultivated area has grown by 

12% over the past 50 years, and the global 

irrigated area has doubled from 139 million 

hectares in 1961 to 357 million hectares in 

2016.

Agricultural water is estimated to account 

for 70% of all water withdrawn from 

aquifers, streams and lakes, and more 

than 90% of the agricultural water intake is 

for irrigation (FAO, 2007, 2011).

Existing water resources are already fully 

exploited. Agriculture therefore faces a 

great challenge in coping with growing 

water scarcity and increasing demands for 

food production. 

Challenges in Water Management for Agricultural and Irrigation



Evolution of land under irrigated and rainfed cropping (1961-2008) 

(FAO, 2010b)

Challenges in Water Management for Agricultural and Irrigation



Climate change is expected to alter 

the patterns of temperature, 

precipitation, and river flows upon 

which agricultural systems depend.

In the future, weather patterns will 

become more uncertain and the 

frequency of extreme climate 

events, such as twister and 

droughts, will increase (Benito et 

al., 2009; FAO, 2011). 

The percentage of global land 

classified as ‘Very Dry’ has doubled 

since 1970s, and natural water 

storage capacity and long-term 

annual river flows are declining 

(Morrison et al., 2009). 

Challenges in Water Management for Agricultural and Irrigation



 Agricultural Water Efficiency (AWE) is still 

very low in most of the developing countries 

owing poor irrigation management and lack 

of investment in infrastructure (Fan et al., 

2012). 

 Even in the developed countries, most 

irrigation systems perform below their original 

capacity and are not adapted to the needs of 

today’s agriculture. 

Challenges in Water Management for Agricultural and Irrigation



Objective 



Objective 

Smart irrigation and agriculture systems are must. With the 

concept of Internet of Things (IOT) and the power of the 

cloud, it is possible to real time monitor/control different 

processes of irrigation and agriculture. 

Smart irrigation and agriculture is made up of sensors which 

monitor different types of data such as; weather forecasting 

(air humidity, air temperature, sun exposure …etc), soil 

moisture (water content of the soil), soil's specified 

composition/type, crop quantity and quality, ….etc. Theses 

data are transmitted, processed, and the farmer is then 

informed (by a web app or mobile app) about when to 

irrigate, duration/amount of irrigation,….etc. Furthermore, 

farmer can monitor/control over the air (OTA) a lot of the 

aspects relating to optimized irrigation and agriculture. 



Smart Agricultural Water Efficiency
• Expansion and Enhancement of Monitoring System

• Development and Rehabilitation of Water Resources

• Enhancement of Water Management Technology

• Development of ICT Applications

• Integrated Water Resources Management (IWRM)



Smart Agricultural Water Efficiency
• Expansion and Enhancement of Monitoring System

Accurate monitoring of water used is an essential part of reasonable water management and helps reach 

optimal performance in saving water while enhancing yields (Levidow et al., 2014). Knowledge on water usage 

and flow in a region is a first step for raising water efficiency in agriculture.



Smart Agricultural Water Efficiency
• Expansion and Enhancement of Monitoring System

Monitoring different factors affecting crop yield should be 

observed as well, such as fertility, crop variety, pest 

management, sowing date, soil water content, planting 

density, ……..and so on (Bouttraa, 2010; Levidow et al., 

2014). The monitoring can be obtained through different 

direct and indirect methods including on-ground and over-

ground sensor systems, and can be interpreted with the 

support of ICT technologies.



Smart Agricultural Water Efficiency
• Expansion and Enhancement of Monitoring System

The Korean Rural Community Corporation (KRC) has invested since 2001 in a 

“Comprehensive Water Management System” to more effectively secure water resources for agricultural. The 

project monitors in real time (24/7) reservoir flow, alert flood, and control storage water for drought. The project 

targets 1,570 agricultural reservoirs having effective storage above 0.1 million m3. (https://rawris.ekr.or.kr).

Water management control room at the headquarters of

the Korea Rural Community Corp. (KRC) in Naju, South

Jeolla Province.



Various initiatives are being made to increase the water 

storage capacity of soil under agricultural land or to 

utilize ineffective waste flow in terms of crop 

consumption. The modernization of irrigation systems 

has steadily progressed and water productivity has 

improved considerably (COPA-COGECA, 2007; 

Levidow et al., 2014).

In South Korea, the agricultural reservoir rehabilitation 

project secured flood and drought prevention including 

stream management flow (2009-2015, total 11 

agricultural reservoirs, US$2.7 billion) . The KRC 

secured total of 0.28 billion tons of additional water.

Smart Agricultural Water Efficiency
• Development and Rehabilitation of Water Resources



Enhancement of Water Management Technology 

Comprises; 

• Suitable crop selection, 

• Proper irrigation scheduling, 

• Effective irrigation techniques, and 

• Using alternative sources of water for 

irrigation. 

Highly-efficient irrigation involves technologies for;

• Fine-turning the time and amount of water 

applied to crops based on the water 

content in the crop root zone, 

• The amount of water consumed by the 

crop since it was last irrigated,  

• The stage of crop development. 

Smart Agricultural Water Efficiency
• Enhancement of Water Management Technology



New technologies/sensors are emerged in the market such as;

• Air temperature 

• Air humidity 

• Soil temperature 

• Soil moisture

• Atmospheric pressure

• Wind speed/direction

• Rainfall

• Solar radiation

• Soil fertility

• Water retention capacity, and 

• Irrigation management to reduce losses 

The potential of water saving from smart irrigation is up to 43% of the 

current volume (Benito et al., 2009). Benefits including improved water 

quality, energy savings and emission reduction of greenhouse gases. 

Smart Agricultural Water Efficiency
• Enhancement of Water Management Technology



The Korean government has made 

progress in updating and 

modernizing irrigation practices and 

technology through ICT 

development. A TM/TC (tele-

metering and tele-control) project 

has been realized since 2001 to 

watch floods and manage drought in 

irrigation districts. The project will be 

continue until 2021 with a total 

spend of US$0.5 billion. So far, it has 

been completed in 37 irrigation 

districts.

Intelligent water management system (TM/TC) 

applied to Yeong-San River, South Korea

Smart Agricultural Water Efficiency
• Enhancement of Water Management Technology



ITC plays a significant role in smart irrigation 

and agricultural by connecting and integrating 

different spatial and temporal scales and 

multiple stakeholders with varying goals. 

ITC enterprise system encompass integration 

between in-field sensors, geographic 

information systems (GIS), remote sensing, 

crop and water simulation models, prediction 

of climate, advanced information processing, 

big data analytics, and wire/wireless 

communications. 

Smart Agricultural Water Efficiency
• Development of ICT Applications



ITC contributes effectively in the 

optimization of the operation, 

decision making, and strategic 

planning. 

Smart Agricultural Water Efficiency
• Development of ICT Applications



IWRM integrate interactively surface 

water and groundwater, coastal and fluvial 

systems, hydrological and meteorology, 

smart irrigation and agriculture

IWRM considers different factors about 

the ecosystem as well as crop production 

(increase and intensify production, reduce 

crop failure risk, diversify production, 

increase efficiency, and sustain natural 

resources). IWRM apply the right depth of 

water in the right place and at the right 

time which further improve the efficiency 

by 5-20% (Benito et al., 2014).

Smart Agricultural Water Efficiency
• Integrated Water Resources Management (IWRM)



Case Study 1



Azure Smart Irrigation Architecture 
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Interface of Mobile Application 



Screen Interface of the Web App 



Sensor Reading 



Graphs Representing the Sensor Values Results from Azure Machine Learning 
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