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A Global Water Forecasting Project

Water is the world’s most precious 
natural resource. A limited supply of 
freshwater supports the global food 
chain, sustains human life and powers 
industry. At a time of worldwide 
population growth and increasing water 
stress due to climate change, effective 
management of this critical resource is 
key to ensuring food security, avoiding 
conflict and promoting sustainable 
development. 

Managing the world’s water supply 
requires accurate forecasts that 
warn of devastating events such as 
droughts and floods. Predicting these 
disasters with sufficient lead time 
requires accurate river flows and depth 
measurements. However, many people 
who are vulnerable to water insecurity, 
or hazards such as flooding, live in 
countries with limited water monitoring 
infrastructure or the modelling 
capability necessary to produce good 
data. In many developing countries, 
this lack of data means that floods and 
droughts are difficult to predict, making 
their impacts far more devastating. 

In these areas, water modelling can be 
an essential tool for forecasting water-
related disasters. When local river gauge 
data is unavailable, models can use 
global datasets, such as observations 
made by satellites, to forecast water 
flows worldwide.

However, while developed countries 
have access to sophisticated river flow 
models, developing countries can be at 
a disadvantage. Models are expensive 
to create, can require specialised 
equipment or skills, and are difficult 
to program. In addition, models that 
predict river flow for the entire globe 
often lack enough detail to produce 
usable information on a local scale.

Previous solutions to these problems 
have involved donor countries funding 
hardware, software and specific 
technical training to develop and run 
local forecasting systems with the 
power to provide information that is 
useful in decision-making. However, as 
maintenance costs continue after the 
project funding ends, projects like these 
are not always sustainable in the long 
term.

The Group on Earth Observations 
GEOGloWS initiative is dedicated to 
tackling these challenges. Along with 
GEOGloWS’s international team of 
water experts, Professor Jim Nelson at 
Brigham Young University has led the 
creation and testing of a transformative 
global system for delivering actionable 
streamflow information. Water 
management agencies in developing 
countries can access the global 
forecasts for free. The information 
is useful as is, but can also be used 
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Accurate knowledge of the water cycle is essential for predicting 
disasters such as floods and droughts. However, it’s not easy 
to obtain good information from traditional weather and water 
forecasts. The Group on Earth Observations Global Water 
Sustainability initiative (GEOGloWS) provides hydrologic forecasts 
through an accessible web service to assist local water users. 
Partnering with water scientists worldwide, Professor Jim Nelson 
of Brigham Young University worked with the European Centre for 
Medium-Range Weather Forecasts to develop a global streamflow 
service. This service provides local communities with actionable 
water intelligence, enabling them to focus on solutions to water-
related problems. 
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to implement national systems or 
strengthen locally generated modelling 
data. 

Because the system is maintained 
and operated as a cloud service, 
vulnerability to computer and software 
updates, or limited local capacity, can 
be mitigated. This also overcomes 
the high cost of maintenance or 
improvement, because each local user 
immediately benefits from upgrades 
and improvements made to the global 
data service. 

The GEOGloWS ECMWF Streamflow 
Service aims to provide the necessary 
information to decision-makers who 
respond to droughts and floods. 
This has the potential to save lives 
and infrastructure and increase food 
security. It provides forecasts in areas 
that lack water observation data, 
providing local organisations with 
crucial information to help reduce 
water-related vulnerabilities.

Developing a Global Prediction 
System

Numerical models of the global 
land surface can be used to predict 
important water processes such as 
evaporation, soil moisture levels, the 
amount of snow on the ground – and 
crucially, water flow in rivers. However, 
developing a global modelling system 
with enough detail to produce sound 
local forecasts is no easy task.

Professor Nelson and his colleagues 
addressed this problem by partnering 
with the European Centre for Medium-
Range Weather Forecasts (ECMWF), one 
of the world’s leaders in meteorological 
forecasting, to map the water flow 
predicted by their global model to 
watershed catchments, and then 
routing these flows through a fine-
scaled stream network. In this way, the 
GEOGloWS streamflow services use 
trusted available global data to produce 
detailed local forecasts.

The new model is beneficial in areas 
where observations are scarce, such 
as transboundary waters – aquifers, 
rivers, and lake basins shared by two or 
more countries. It can be challenging 
to produce forecasts locally in these 
regions due to the need for data sharing 
and coordination between countries.

For this reason, the researchers tested 
their new forecasting system on two 
huge transboundary river basins: the 
Ganges, Brahmaputra, and Meghna 
rivers in South Asia and the Mekong 
River in Southeast Asia. Both river basins 
are densely populated and suffer heavy 
rainfall from yearly monsoons, making 
them prone to flooding.

The team produced river flows for the 
two basins using the new system. They 
compared the simulations to local 
measurements of river flow to test 
the accuracy of their predictions. The 
GEOGloWS global model downscaled 

to local streams could predict water 
flows with enough detail to produce 
actionable hydrologic information.

To ensure the new system continues to 
improve, the researchers also developed 
an application called the Historical 
Validation Tool. The tool is used to 
monitor the performance of GEOGloWS 
by comparing the river flow predictions 
to observations. If it detects a bias in 
the model at that location – meaning 
the model always overestimates or 
underestimates flow in predictable 
amounts – the model can predict the 
errors in future forecasts and correct 
them.

A Truly Accessible Service

The GEOGloWS ECMWF Streamflow 
Service produces useable river flow 
predictions on a local scale, using freely 
accessible global datasets. However, 
accurate forecasts can’t be helpful 
unless the results are readily available 
and clearly presented.

Large-scale models produce a vast 
amount of data, so sharing and 
presenting the forecasts is a challenge in 
itself. In addition, the groups interested 
in water data – including scientists, 
emergency responders, decision-
makers, and the general public – have 
a diverse set of needs, making the 
communication of results a significant 
challenge.

The GEOGloWS ECMWF Streamflow 
Service uses cloud computing to run the 
forecasts, meaning that local forecasting 
agencies don’t need expensive 
computing hardware. ‘GEOGloWS 
centralises the cyberinfrastructure, 
human capacity, and other components 
of hydrologic modelling using the 
best forecasts and expertise available,’ 
explains Professor Nelson.

Previously, every local agency wishing 
to produce water forecasts would have 
had to download huge volumes of 
input data, such as terrain information, 
land-use data, and weather data. They 
would also have to provide computers, 
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The GEOGloWS ECMWF Streamflow Hydroviewer App.

software, and experts to produce the forecasts. ‘Having to 
replicate this resource everywhere is expensive in terms of 
the cyberinfrastructure and human capacity required,’ says 
Professor Nelson. 

In contrast, users of GEOGloWS can retrieve the forecasts 
through web services, meaning they are available to anyone 
with a computer and an internet connection. Data on a 
river-by-river basis can be accessed and used in simple 
web applications. Users can see maps and graphs showing 
predicted river flow volumes or use them to create derivative 
information as needed. They can also obtain historical 
simulation data on each river, which acts as a surrogate to 
observed data that provides information about what are low, 
normal, and high flows. ‘Our approach represents a paradigm 
shift from the provision of complex weather forecasts to be 
transformed into local hydrological information, towards the 
provision of hydrological forecasts,’ says Professor Nelson.

The Historical Validation Tool, facilitates adding local river 
flow measurements to the forecast system to produce greater 
confidence and potential improvements to the forecasts. 
Forecasting organisations can also create customised tools 
that use the forecasted data to help solve specific problems. 
One such customisation made by the International Centre for 
Integrated Mountain Development (ICIMOD) is the Bangladesh 
Transboundary Streamflow Prediction Tool. This tool provides 
crucial forecasts for Bangladesh’s Flood Forecasting and 
Warning Centre, because approximately 92% of the watershed 
lies outside of its boundaries. This information is critical 
in places where little if any information is shared across 
boundaries.

Even when forecasts are provided, expert knowledge will still 
be necessary to interpret model results. Local organisations 
need to understand the model assumptions, limitations, and 
uncertainty, and decisions surrounding forecasted events 
remain the responsibility of local communities. But with water 
forecasts readily available, disaster agencies can focus more of 
their time and resources on some of the most pressing water-
related issues society faces. ‘Local organisations can focus on 
the decisions made from hydrologic information rather on the 
development of the actionable hydrologic information,’ adds 
Professor Nelson.

A Global Effort

River flooding is one of the most common and most expensive 
natural disasters around the globe. Early warning systems 
are a crucial strategy in reducing environmental hazards 
such as floods and droughts, but accurate forecasts aren’t 
always available locally. The GEOGloWS project provides 
water forecasts to regions where measurements are scarce, 
bringing global water management capabilities to local 
decision-makers. Distribution of water information, such as 
flow forecasts, through easy-to-use web services, removes 
the burden and expense of carrying out modelling locally, 
improving the transfer of technology to the places that need it 
most.

The forecasts will also benefit the global economy by informing 
the insurance industry about water-related risks. ‘GEOGloWS 
benefits the global economy by also providing water 
intelligence to sectors such as the insurance and reinsurance 
industry, and many others that need to make high-risk 
investment decisions,’ explains Professor Nelson.

GEOGloWS is the work of a truly international team of experts 
and demonstrates the power of collective action to solve 
global challenges. The success of the GEOGloWS project hinges 
on fruitful collaborations between water scientists and local 
stakeholders. ‘One of the most important achievements of 
the project is the mobilisation of a wide international group 
of experts to assemble this service,’ says Professor Nelson. 
Collaborations with forecasting agencies have been crucial 
in ensuring the service can be implemented locally. ‘We have 
definitely been encouraged lately by powerful stories of the 
possibilities GEOGloWS is achieving to try and do more to 
extend its reach,’ he continues.

Fuelled by the expertise and reputation of the ECMWF forecasts, 
the GEOGloWS partnership is continually developing the 
streamflow services. In the future, the team will continue to 
extend the global reach, as well as monitoring and improving 
its performance. Professor Nelson concludes: ‘We hope to be 
able to continue the effort to improve the model accuracy 
as well as the tools to access the streamflow services while 
growing the community that supports this important effort.’
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WWW.SCIENTIA.GLOBAL

https://geoglows.apps.aquaveo.com/apps/geoglows-hydroviewer/
https://geoglows.apps.aquaveo.com/apps/geoglows-hydroviewer/
https://tethys.byu.edu/apps/geoglows-hydroviewer/ 

