
Billions of people still lack access to safely managed drinking water and water 
scarcity could displace 700 million people by 2030. Water security - the availability 
of an acceptable quantity and quality of water, with low water-related risks to people, 
environment and economies – is crucial in attaining the sustainable development 
goals. 

The subsurface contains huge volumes of freshwater, that can be a reliable source of 
water supply for people, food and nature and that can aid in dealing with prolonged 
periods of drought. In fact, groundwater provides drinking water to at least 50% of 
the world’s population and accounts for 43% of all water used for irrigation. However, 
over-extraction of groundwater may result in salinization and subsidence, and 
contamination of the freshwater reserves may threaten water availability.

Deltares contributes to ensuring a water secure world. We 
study freshwater availability based on a thorough system 
understanding, advise on Integrated Water Resources 
Management and planning, develop strategies to combat 
salinization, subsidence and contamination, work on 
drought early warning systems and develop innovative 
measures to safeguard future water supply in coastal 
zones. Groundwater plays a key role in all these activities. 

Integrated approach
Our mission to develop and disseminate knowledge 
for the sustainable development of vulnerable areas 
implies a variety of disciplines. These include disciplines 
such as ground- and surface water hydrology, geology, 
ecology, morphology, geo- engineering, economics and 
policy analysis. We work in multidisciplinary teams to 
study the complete water system, from surface water 
to groundwater, effects on water users, and how water 

management can best be organized. Our expertise 
includes analysing the effects of climate change and 
socio-economic change on the water availability in 
a region, developing and testing local solutions, and 
developing strategies including adaptation pathways. Our 
policy analysis and strategies are based on multi-criteria 
such as cost and benefits, social and environmental 
impact and technical and institutional feasibility. We 
expand our knowledge by participating in public funded 
research programmes and contract research, and we 
cooperate with universities, other research institutes and 
the private sector. Deltares employs more than 800 staff, 
of which 80% has an academic degree.

Water security -  Focus on groundwater:  
Key to a sustainable and resilient world



The Water as Leverage project in the city of Semarang 
(Indonesia) looked at the current water related 
vulnerabilities of the city. The city is at a tipping point in 
its trajectory: current water extractions lead to aquifer 
depletion, salinization of freshwater resources, land 
subsidence and flooding in the lowland and upland areas. 
An approach was developed that integrates risk reduction 
with ecological restoration, economic growth and a 
fostering resilience practices within communities. Water 
security analysis and a better understanding of water 
demand and availability was the basis for this approach. 

COASTAR (COastal Aquifer STorage And Recovery) 
develops and implements techniques that ensure 
and even increase fresh water availability in saline 
environments by making use of underground storage 
of water. Besides storing fresh water, it also focuses 
on keeping saline groundwater at a distance to prevent 
salinization of the fresh groundwater resources. The 
techniques include temporary storage of freshwater in 
the subsurface in combination with the use of brackish 
groundwater and governance arrangements such as 
water banking. 
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Scope of activities
Deltares conducts a wide range of activities in relation to water security and groundwater that reach from the 
development of water system knowledge, to the development and piloting of innovative solutions to increase water 
security. 

Quantifying water availability and water use scenarios
To prevent water scarcity, it is crucial to know the available fresh water sources and their dynamics in terms of quantity 
and quality, under a changing climate and socio-economic developments. Moreover, it is required to assess the possible 
ways to use the available water in a sustainable way, that ensures enough water of a good quality. Our experience 
encompasses mapping, geophysics, analyses of remote sensing data, advanced data analysis and integrated modelling to 
quantify the available resources and to assess different water use scenarios. For this, we use and develop a variety of tools 
to model hydrological processes (e.g. Wflow and iMOD) and to support basin management and planning. 

Preventing saltwater intrusion
Water availability can be under stress when fresh water gets mixed with saline water. This occurs in deltaic areas 
worldwide. Saline water can intrude far inland into river mouths, but also groundwater in deltas is often saline at relatively 
shallow depths. Without proper management, the mixing of fresh and saline water can rapidly result in a depletion of the 
available freshwater resources. Deltares uses advanced groundwater models that can also simulate the transport of salt 
through the subsurface, to study flow patterns and different scenarios in such saline and brackish environments. These 
models are also essential in the design of ‘COASTAR’ MAR techniques in coastal environments. 

Storing water in the subsurface
Aquifers contain about 97% of the worlds freshwater resources. Only part of this huge resource can be sustainably 
exploited but the figure clearly indicates how enormous the underground storage capacity is. This storage capacity can 
be used to overcome periods of drought by actively infiltrating surplus water when this is available. The general name for 
describing a whole suite of techniques to actively infiltrate and store additional water underground is ‘Managed Aquifer 
Recharge’ (MAR). In addition to applying the more traditional techniques we have developed, together with partners in the 
Netherlands, novel concepts to increase fresh water availability in brackish and saline coastal environments, under the 
name of COASTAR.

https://www.deltares.nl/en/software/wflow-hydrology
https://oss.deltares.nl/web/imod


Drought Early Warning Systems are tools to assess the drought vulnerability of a region and prevent the 
impact of big droughts by implementing timely and focused drought mitigation measures. These tools use 
indicators that are based on information of the meteorology, hydrology of the surface water and groundwater 
and agricultural forecasting. In the project ‘DEWFORA’ (Drought Early Warning and FORecasting to strengthen 
preparedness and adaptation to droughts in Africa), Deltares developed a drought monitoring and vulnerability 
assessment tool for various countries in Africa. This tool was able to help with forecasting, warning and the 
response to droughts and the dissemination of knowledge. 
 
Currently, Deltares is developing a Global-to-Local 
Drought Forecasting system including seasonal 
forecasts of soil moisture and groundwater recharge. 
In addition, the Deltares Next Generation Drought 
Index (D-NGDI) is being developed as an open-
source real-time drought forecasting application that 
combines the Global-to-Local Drought Forecasting 
system with Earth Observation data and big data 
related to drought impacts.
 

Fresh groundwater reserves in the Mekong Delta in Vietnam 
are under stress. Groundwater overexploitation results in a 
decrease in fresh groundwater availability due to salinization 
and land subsidence. Groundwater recharge decreases due 
to an increase in urban (paved) area. Furthermore, flooding 
and storm surges result in the mixing of saline and fresh water. 
An integrated model of the Mekong delta was developed that 
combines groundwater and surface water processes, salt 
transport and land subsidence. Using this modelling toolbox, 
the issues regarding water availability in the Mekong Delta can 
be studied, and the impact of potential measures to improve 
the situation can be assessed.  

Drought early warning systems

Integrated modelling of Mekong Delta (Vietnam)

Integrated modelling
Understanding water security and drought risk requires quantifying a wide range of physical, ecological, social and 
economic processes, including the adaptive behaviour of water users, economic effects of water shortage, and 
governance structures. This understanding can be achieved by implementing an integrated approach to explore the 
uncertain future conditions using a variety of interlinked models and defining potential policy actions. We develop and use 
a variety of interlinked models that are able to simulate multiple aspects of the water system (including groundwater and 
surface water flow and water quality). We started the BlueEarth initiative, which involves a structured process to carry out 
planning studies, enables interaction with stakeholders and an integrated modelling approach. This way, BlueEarth can be 
used to achieve interactive and informed decision making.

Resource monitoring
Monitoring of trends in resource development provides crucial information for assessment, model development and 
ultimately for resource management.  Designing appropriate monitoring networks requires a thorough understanding of 
the water system and the impacts. Deltares uses a wide range of monitoring techniques to quantify (ground)water quality 
and groundwater levels in its projects and is researching novel monitoring techniques such as the use of fibre optic cable 
and continuous passive water quality sampling.  

Drought vulnerability assessment and drought early warning
Droughts are a major threat to water security. In many regions worldwide climate change is causing an increase in 
drought frequency and severity. Our research contributes to drought risk management frameworks, drought vulnerability 
assessments and we develop drought forecasting platforms to enable timely measures to limit the damage due to 
droughts. 

https://blueearth.deltares.org


Clients and networks
Our clients include government authorities and policy makers, as well as from the private, agricultural and environmental 
sectors. Large financing agencies like the World Bank and Asian Development Bank are regular clients. We are taking part 
in several groundwater networks and joint research programs in The Netherlands and abroad. 

Deltares is an independent institute for applied research in the field of 
water, subsurface and infrastructure. Throughout the world, we work on 
smart solutions, innovations and applications for people, environment and 
society. Deltares is based in Delft and Utrecht.
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"Would you like to know more about 
our integrated approaches to water 
security? 
Contact: groundwater@deltares.nl"

mailto:groundwater@deltares.nl

