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Overview 
 

The key process in disaster risk reduction is to move 

from responding to events to being prepared for them 

before they happen. The more advanced the risk 

management programme, the earlier before the event 

the mitigation can happen. For many communities in 

the world, there is little to no advance warning on 

flood event occurrence. This problem is exacerbated 

by the facts that not all high magnitude rainfall events 

cause damaging floods and that the rain storm event 

may occur a location distant from the community at 

risk. In many places, flood early warning systems have 

been implemented that can give information to 

communities about the current threat level of the 

floods. These systems are often a combination of 

environmental monitoring, simulation modelling and 

communications between sites. Recent advances in 

long range low power communication systems, such 

as LoRaWAN, and environmental sensors mean that 

communities can build their own early warning 

systems. However, these systems have the potential 

for many false positive alerts, which decreases the 

trust in the system. This problem can be overcome 

with a catchment hydrological simulation model but 

these models can be complex to calibrate for non-

specialist users. There is the potential to develop a 

self-learning approach to fit the catchment model to 

the local conditions based on the observations. This 

PhD project will investigate the potential for self-

learning flood early warning systems using a 

combination of both statistical and machine-learning 

approaches.   

 

 
 

Community at risk of flooding in Jakarta, Indonesia 

 

Methodology 

 

There are two main parts to the methodology for this 

research: 1, field data and 2, simulation modelling.  

 

The first part of the research will consider 

environmental monitoring for rainfall and river flow 

with low power communication technology. The 

development side will focus on the robust 

measurement of rainfall using either traditional tipping 

bucket rain gauges or acoustic based methods. The 

advantage of the acoustic methods is the lack of 

moving parts, making the approach more suitable for 

remote deployment.   

 

The second part of the research will focus on the 

automatic calibration of the flood prediction model. 

This part will take rainfall as an input and predict river 

discharge as an output. 
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LoRaWAN and 3G based environmental monitoring 

equipment in Java.  

 

The two approaches that can be considered are 

statistical model fitting using a simple, process based, 

catchment model or using machine learning to predict 

the river discharge. The catchment simulation 

modelling approach will use GLUE based uncertainty 

estimation to find the ensemble of model parameter 

sets that can represent the river flow based on the 

rainfall. The effective set of parameters can be 

changed over time to account for both seasonal 

changes in the weather and longer-term changes, such 

as land use or climatic variations. With this approach, 

will be possible to implement on distributed compute 

nodes connected via the long-range low-power 

communication systems, allowing for a robust system 

that is not reliant on internet links that may fail during 

flood events.  

 

There is the potential for improved predictions and 

warning through using machine learning. This 

approach does require high level of computation and 

hence is often implemented as a cloud of desktop 

service. For this approach to work within the context 

of the flood early warning system, an active internet 

connection will be needed to upload the latest 

observations and to download the results. With the 

internet connectivity, there is the potential to bring in 

other data sources, such as weather forecasts to 

increase the lead time on the flood warning.  

 

This PhD research will test these approaches for two 

case study sites. The local development system will be 

based on either a catchment in Cumbria or the River 

Wear in County Durham. The implementation 

catchment will be based in either Java, Indonesia, or 

Nepal. 

 
Timeline 
This project will be undertaken over 3.5 years and the 

actives for each year are below: 

Year 1 Installation of monitoring equipment in the 

catchments and understanding the catchment 

characteristics. Development of the process-based 

catchment hydrological simulation model and rainfall 

monitor. Presentation at the national British 

Hydrological Society meeting  

Year 2 Continued data collection from the 

catchments and work starting on the machine learning 

based approach. Initial deployment of the test flood 

early warning system to Indonesia or Nepal. 

Presentation at AOGS. 

Year 3 This year will be focused on refining and 

testing the approach. Presentation at the American 

Geophysical Union (AGU) conference  

Year 3.5 (six months) Final write up of the thesis and 

submission of journal paper(s).  

 
Training & Skills 
 

This PhD project will provide training and skills in 

 Hydro-meteorological monitoring 

 Data handling and QA/QC approaches 

 Simulation modelling of catchment 

hydrological processes  

 Distributed data communications 

 Machine learning 

 Hardware development 
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Further Information 
 

For further information, please contact Dr. Sim M. 

Reaney, phone 0191 334 3480. 
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