INTRODUCING THE BUREAU’S NEW HYDROLOGICAL
FORECASTING SYSTEM

Justin Robinson1, Chris Leahy1, Agathe Boronkay1, Simon Pierotti1
1Hazards,

Warnings and Forecasts Division, Bureau of Meteorology

Abstract
This paper provides an overview of the Hydrological Forecasting System (HyFS) and the
process of developing a national hydrological forecasting system. The paper examines
how this new hydrological forecasting system, combined with the government’s investment
in modernising weather forecasting systems, can provide improved flood warning services
to the Australian public.
The key business drivers of the implementation of this next generation HyFS were to
provide the Bureau with a national system that would be effective, robust and sustainable,
allow future expansion and meet operational best practice. In December 2015 HyFS was
fully transitioned to operations across Australia. In February, 2016, it was put to the test
with all 7 States and the Northern Territory issuing a Flood Watch or Flood Warnings over
a single weekend.
HyFS is the Bureau’s implementation of the Delft-FEWS framework and connects the
Bureau's hydrological forecasting models with weather and ocean models and real time
observations. HyFS is underpinned by a national rainfall and river data collection system
that provides real-time data for about 8000 rainfall and river sensors. It integrates forecast
rainfall guidance from a number of weather prediction models as well as tidal and coastal
sea level forecasts and radar-rainfall observations.
HyFS supports the Bureau's existing hydrological models, empirical forecasting techniques
and 7-Day Streamflow Forecast models. The latter run using the new Short-term Water
Information Forecasting Tools (SWIFT) developed by CSIRO through the Water
Information Research and Development Alliance (WIRADA). HyFS provides ready access
to historical flood information including peak heights and the ability to overlay historical
flood hydrographs over current observations and forecasts.
Forecaster skills can be developed and honed using the HyFS-Water Coach module, the
flight-simulator of hydrological forecasting. It enables trainers to expose forecasters to
historical or synthetic flood situations and simulate the pressure of a flood emergency. This
allows forecasters to demonstrate their competency or to test new forecasting approaches
in a mode similar to operations.
HyFS is a true enterprise system that is specifically designed to evolve to support new
services and to bring the latest forecasting techniques to the operational forecaster's desk.
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Introduction
The Australian Flood Warning Service delivers riverine flood forecasts and warnings to
communities in all states and mainland territories of Australia. The Service is delivered by
the Commonwealth Bureau of Meteorology (Bureau), in collaboration with state and local
government agencies.
The record floods experienced across Australia in 2010-2012 caused significant loss of
life, over $5 billion in damages, and affected over 100 cities, towns and communities
across all states of Australia. In 2011 the Commonwealth Government appointed Chloe
Munro to lead a review into the Bureau's capacity to respond to future extreme weather
and natural disaster events. One of the priority actions from the Munro Review (Munro
2011) was to boost the Bureau's flood warning capacity and upgrade the flood monitoring
and forecasting system. In response, the Bureau initiated a project to develop a Next
Generation Hydrologic Forecasting System (HyFS). The multi-million dollar project
commenced in 2012 and the system was operationally deployed in December 2015.
This paper provides an overview of HyFS and the history of the HyFS project. It then
details the two main components of HyFS, including how the flood forecasting process is
carried out in HyFS, before concluding with the HyFS transition to operation process,
HyFS-Watercoach, and future plans for HyFS.

HyFS Overview
HyFS consists of two main components (Figure 1): the Hydrological Data System (HyDS),
which looks after data collection and processing, and HyFS, the forecasting platform used
by the Bureau’s operational hydrologists. Each component is explored in more detail in
sections below.

Figure 1: HyFS software components and information flows
Rainfall and river level observations are provided from the Bureau’s flood warning network.
HyDS processes and sends these to HyFS. Rainfall forecasts are provided from the
Bureau's ACCESS modelling suite, the Bureau's NexGenFWS system and overseas
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numerical weather prediction models. Ocean forecasts are provided by a Bureau ocean
modelling system. Observed and forecast rainfall derived from radar reflectivity by the
Bureau's Radar based rainfall estimation system (Rainfields) is available for use by flood
forecasters.
HyFS leverages existing Bureau data transfer systems. This allows HyFS to easily access
available data streams inside the Bureau, and also sends data to other systems. Future
plans for HyFS include the development of enhanced capability to push data to other
systems and provide facilities for other Bureau systems to access data directly.
HyFS provides a highly reliable and available platform for flood forecasting. There are
several components of HyFS that support this. These include having development, test
and production environments, which allow changes to be thoroughly tested before being
deployed to production. The production (and test) environments have an off-site backup,
allowing the system to be still available for forecasting use when the primary instance may
be unavailable due to system, network or other unforeseen problems.
This architecture recently proved its value as part of the Bureau's upgrade of the ACCESS
NWP suite. Prior to operational use, the new version of the ACCESS model could be
delivered to the HyFS test systems, allowing testing of the new model in HyFS. When the
upgraded ACCESS model became operational, the only change required was to stop the
data feed of the old model, and start the data feed of the new model.
The system itself is hosted in a virtual environment, running on physical hardware with
multiple layers of redundancy. This reduces the risk that the primary system will be
unavailable due to a hardware fault or networking issue. 24/7 support is provided via the
Bureau’s national operational IT help desk, and on-call support staff.
The main method used by forecasters to access HyFS is via virtual desktops. This
provides all flood forecasters with a common point-of-entry, accessible from inside and
outside of the Bureau from multiple platforms and devices. This virtual environment
simplifies maintenance and upgrades of HyFS, while also meeting modern security
requirements.
The use of one national system allows maximum flexibility in service delivery. Forecasters
can produce forecasts for any location in Australia, from anywhere in Australia, and
forecasters in any other region can see these results instantaneously. This allows flood
forecasting services to be delivered locally, from another location, or even with forecasters
working together across different offices. This is further supported by the capability to
generate forecaster notes, which allow forecasters to provide information relevant to a
basin to other forecasters using the system. The national system allows for business
continuity if one of the regional forecasting offices is unavailable (e.g. due to fire, flood or
an emergency evacuation of a forecasting centre).
HyFS archives forecasts and data. This assists with reconstructing how warnings were
developed which will be useful for post flood investigations, as well as improvement
activities. It provides a rich data set that can be used to test forecasting improvements
and for forecaster training.
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The HyFS project
The HyFS project brought together a collaborative multi-disciplinary team of information
technology specialists, researchers, contractors and forecasters from all Bureau divisions.
The operational forecasting system was delivered in 4 years over 5 Stages (Figure 2).

Figure 2: HyFS Implementation Stages and Time Line.
The business requirements for HyFS were developed in the project’s first stage. HyFS
needed to support the Bureau’s flood forecasting service and a new seven day short-term
streamflow forecasting service. It had to be a system that provided the capability to
evolve, it had to support the Bureau’s existing forecasting models and techniques, while
also having the capacity to support new forecasting techniques and services. It required a
high level of availability to be consistent with the expectations and standards of systems
that support emergency management operations.
The modelling and forecast component (HyFS) was completed in Stage 2. This was built
using the Delft-FEWS (FEWS) forecasting framework configured and customised to meet
the Bureau’s hydrological forecasting approaches and techniques.
Stage 3 built the HyFS data collection system (HyDS), which integrates the rainfall and
river observations, rainfall forecasts, and tide and ocean forecasts required by the
modelling system. In Stages 4 and 5, all the Bureau’s forecasting models were migrated
to the new forecasting system, forecasters were trained and the system was fully tested
prior to operational cutover.
A major milestone for hydrological forecasting in the Bureau was reached in December
2015 when HyFS become fully operational.
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The HyFS Data Collection and Processing System (HyDS)
The data collection system (HyDS) processes, integrates and delivers observed rainfall
and water level data, rainfall guidance from a number of weather prediction models, radarrainfall observations, and tidal and ocean sea level forecasts to the HyFS hydrological
forecasting system.
The national rainfall and river data system obtains data from approximately 3000 river level
locations, and 5000 rainfall locations from the flood warning network across Australia.
Figure 3 below shows the extent of the flood warning real time rainfall network. The data
comes in via a variety of methods, including radio, PSTN telephone, mobile telephone, and
from external (local and state government) agencies that provide flood warning data via
FTP. A majority of the data is delivered in real time, or near real-time. HyDS decodes and
processes this data which is then sent to the operational HyFS system. The rainfall data is
processed to 15 minute totals, and delivered to HyFS every 15 minutes. Observed water
level data is sent to HyFS every 3 minutes.

Figure 3: Rainfall Gauges in HyFS
Prior to HyFS and HyDS being built 7 regional systems received and processed this data.
The national system has greatly improved processing and decoding performance, and the
timeliness of the data that is available to the forecasters. HyDS provides full disaster
recovery capability, with a disaster recovery instance (HyDS-DR) located in the Bureau’s
secondary data centre.
As well as providing HyFS with rainfall guidance from a number of weather prediction
models, the data collection system sends radar rainfall estimates from the Bureau
Rainfields products and radar rainfall nowcasts to HyFS. The forecaster can use the radar
rainfall estimates as rainfall input into the hydrological models. The radar rainfall nowcasts
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can be visualised by forecasters in HyFS. This has been a key HyFS deliverable allowing
research to move into operations. It is expected that in future years there will be a number
of new and improved datasets becoming operationally available, such as satellite data
from Himarwari8, improvements to Radar Rainfields and improvements to the Bureau’s
and international meteorological models.
Tide and coastal sea level forecast data is collected in HyDS and sent to HyFS.
Astronomical tides and tidal anomaly forecast data are sent to HyFS for certain locations
and are able to be used in the Hydrological models. A sea level anomaly grid is available
for forecasters to visualise. The challenge in ingesting this data was obtaining the same
offset information at certain gauges. This was required for forecast data to match up with
the observed time series information. Once this was aligned with the forecast data, the
tide forecast data can be used in the hydrological models and has the ability to improve
our forecasting at forecast locations impacted by ocean levels.
The timely delivery of observed and forecast data to the forecasting system is critical in
flood operations. This integration of multiple datastreams from a variety of sources is a
non-trival exercise in an organisation like the Bureau with a complex IT environment. The
success of the HyDS component was essential to the overall sucessful delivery of the
HyFS project.

The HyFS Modelling and Forecasting System (HyFS)
The modelling and forecasting component of HyFS was implemented as a national
forecasting system using the FEWS forecasting framework that had also been adopted by
the Bureau’s important international partners, US National Weather Service (USNWS) and
the UK Environment Agency. FEWS has become the international standard for large scale
hydrological forecasting systems for international forecasting agencies similar to the
Bureau and has a strong user community. One of the important features of FEWS is that
improvements are shared amongst all users and the Bureau was able to leverage off the
investments in FEWS by the user community, especially the USNWS who made a
significant investment in FEWS to support interactive forecasting techniques similar to that
used by the Bureau.
Particularly important in HyFS was the integration of all elements of the operational
forecasting process to enable the forecaster to quickly undertake situational awareness,
quality control rainfall and river level observations, decide on the forecast rainfall outlook,
evaluate its uncertainties, and interact with and run the hydrological forecasting models.
The other important element was the integration of historical flood information to provide
the historical context to the observations and model simulations.
HyFS is configured to guide the forecaster through the forecasting process for a catchment
in a series of successive steps (Figure 4).
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Figure 4: Forecast Process in HyFS
Step 1: Situational Awareness
The first step in the forecast process is to undertake situational awareness to ensure the
current flood threat and future flooding potential is understood. In HyFS this is provided by
the spatial display that shows rainfall and river gauges observations, rainfall forecasts from
the Bureau’s and international numerical weather prediction models as well the quality
controlled NexGenFWS grids (Figures 3 and 7 show examples of the HyFS spatial
display).
Step 2: Quality Control of Input Data
A number of tools to identify suspect rainfall and river observations are available, either by
using tools on the spatial display or by viewing the individual gauges as a time series.
Figure 5 below shows how the HyFS visualisation tools can highlight potential data issues.
Data can be quality controlled using the Manual Quality Control (MQC) tool in HyDS. This
updates the Bureau’s operational databases and will update the Bureau’s plots and maps
of real-time data available on the external web at http://www.bom.gov.au/australia/flood/.
The ability to contain quality control changes internally in the HyFS forecasting
environment is also possible.
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Figure 5: Identifying suspect data
Step 3: Check and Set Tidal Anomaly Forecasts
Some locations are influenced by the ocean water level, with the backwater effect of the
ocean influencing river levels. The ocean water level is derived by combining the
astronomical tide forecast with a tidal anomaly (surge) forecast. The tidal anomaly
forecasts from the Bureau’s Ocean Model or manually entered forecast tidal anomaly
estimations from observations can be used.
Step 4: Run the hydrological forecasting models
The primary flood forecasting model used by the Bureau is URBS (Unified River Basin
Simulator) (Carroll, 2007). HyFS allows for fine tuning of the model parameters during the
event. Historical calibration reports stored on the HyFS archive can assist the forecaster
with parameter guidance. Observed (rated flow) can be used to replace modelled flow as
input to downstream calculations via the matching functionality inside URBS.
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Figure 6: Typical display of model results in HyFS
HyFS supports simple URBS reservoir modelling, as well as more complex reservoir
modelling that permits manually controlled releases from reservoirs. These releases are
currently entered manually based on advice from reservoir operators, and can include both
forecast and actual releases. Work is currently underway to automate exchange of
forecast and actual reservoir releases with water agencies.
The model simulations and observations can be visualised in plots and tables. Pre-defined
plots for all model locations are available showing observed and forecast rainfalls, and
water levels (Figure 6 shows an example of these plots). The plot overview provides an
easy way to switch between plots for key locations. These displays are updated in realtime as new observations become available. This provides a powerful tool for the
forecasters to monitor how previous model simulations are tracking against observations,
which could lead to forecasts and warnings being updated if required. Custom plots in real
time, incorporating a range of information such as water level, rainfall, tidal data and
discharge can be created.
Step 5: Set Rainfall Policy
A particularly important part of the forecast process is in the incorporation of forecast
rainfall guidance.
HyFS enables the use of the forecast rainfall guidance provided by the numerical weather
prediction (NWP) models and enhanced rainfall forecasts form the Bureau's NexGenFWS
meteorological forecasting system. NWP precipitation grids that are available to
forecasters include the Bureau ACCESS suite of models (ACCESS-C, ACCESS-R, and
ACCESS-G), the European Centre for Medium-Range Weather Forecast (ECMWF)
precipitation grid and the probability matched ensemble mean (PME) forecast that blends
forecasts from several local and overseas NWP models. Gridded rainfall forecasts from
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the Bureau's NexGenFWS meteorological forecasting system are also available, including
the mean, 50% chance, 25% chance and the 10% chance rainfall grids. All of these
datasets can be used as input to hydrological models, and visualised on the HyFS spatial
display (Figure 7).

Figure 7: Forecast Rainfall from the Bureau’s ACCESS G NWP model
Rainfall forecasts are not certain and it is the role of the flood forecaster, to work with
meteorologists to manage this uncertainty when developing their forecasts and warnings.
HyFS incorporates the concept of a forecast policy that uses a hierarchy to incorporate the
observed rainfall (a choice of gauge or radar estimates of observed rainfall), a user defined
forecast (either persistence or a fixed depth), and forecasts from gridded rainfall products.
HyFS automatically combines these choices to provide a forecast and observed rainfall
time series that is used as input to hydrological forecasting models, as illustrated in Figure
8.

Figure 8: Setting the rainfall policy in HyFS
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Step 6: Run Alternative Rainfall Scenarios
HyFS incorporates a second rainfall policy (called a what-if scenario) that allows for a
different rainfall policy to be run independently through the hydrological model. This can
be used to answer questions like – what would happen if we get 300 mm in the next 12
hours, independently of the primary rainfall policy.
Step 7: Ensemble Comparison Run
In developing flood forecasts and warnings it is important that all the available rainfall
guidance is considered as part of developing the flood warnings and forecasts. HyFS
provides the “Ensemble Comparison Run” that enables the primary rainfall policy and
what-if scenarios to be quickly compared against a fixed set of pre-defined rainfall
forecasts (Figure 9). This ensemble simulation provides insight into the range of possible
outcomes and is an important input in developing flood warnings and expressing the
uncertainty in predictions.

Figure 9: HyFS Ensemble Comparison Run
Step 8: Peak heights
HyFS supports the use of historical peak height correlations to provide extra guidance to
the hydrological forecasting models. The peak height display supports correlation
between historical observed height and flow between two locations. A pre-defined
correlation or a standard regression function can be used. Each of the observations may
also contain additional metadata (travel times and comments) to provide additional context
to the points in the correlation. Figure 10 shows an example of the Peak Height display in
HyFS.
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Figure: 10 HyFS Peak Height Display
Step 9: Historical Events
Historical events are records of observed water level hydrographs from past flood events
at selected locations saved in HyFS Archive. They can be easily retrieved in HyFS and
can be displayed on top of current observed and simulated water levels. These historical
events can be shifted forwards and backwards in time to better match the currently
observed hydrograph. They provide additional guidance to the forecaster by comparing a
current flood to a historical event.
Step 10: Issue the official forecasts and warnings
Once the analysis of the guidance is complete and the forecast finalised, the model run
that has been deemed as the “final forecast” can be saved. It then becomes an official
forecast and is saved to the HyFS archive for post-event analysis, and the results and
parameters used are made available to other flood forecasters.
The official flood warning is delivered by a separate application called content reviewer.
This application is currently being upgraded to enable the Bureau’s flood warnings to be
issued in multiple formats including encoded .xml formats that will allow the Bureau’s
warnings to be integrated into downstream flood intelligence systems and other products
and services. They will also be sent to HyFS so that forecasters can compare observations
and model runs with the current issued official forecast. Forecasters can also enter
provisional forecasts directly into HyFS. These can be useful for monitoring, discussions
with other forecasters and stakeholders, and for use in forecasts for downstream sites.
Figure 11 below shows how point forecasts can be displayed in HyFS.

2016 Floodplain Management Association National Conference

12

Figure 11: Point Forecasts in HyFS
7-day Streamflow Forecasts

Figure 12: 7-day streamflow forecasting service
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The seven day streamflow forecast uses HyFS as the platform for its modelling. HyFS
then sends data to a product generation system that generates public and registered user
products. It runs daily, every day of the year, providing seven day streamflow simulations
with limited forecaster intervention. The daily steam flow forecasts are available to the
public on the bureau’s web site (http://www.bom.gov.au/water/7daystreamflow/) and are
shown in Figure 12. Hourly streamflow forecasts available to specialist users on request.
The forecasts are generated using the Short-term Water Information Forecasting Tools
(SWIFT) forecasting tools (Ward et al., 2012) developed by CSIRO through the Water
Information Research and Development Alliance (WIRADA). It uses the GR4H continuous
hydrological model with forecast rainfall from the Bureau’s Global NWP Model (ACCESSG).

HyFS transition to operations
In addition to the system development required to deliver the HyDS and HyFS component,
a range of testing, training and documentation activities were required to ensure that the
system could be used reliably in flood operations and supported as part of business as
usual activities.
Numerous tests were conducted on the system. During development of HyFS, functional
tests were carried out to ensure that the system met the business requirements.
Performance testing was undertaken by simulating the load that would be experienced
when multiple states were experiencing large flood events. Every model migrated was
thoroughly checked, and results were compared to the existing system.
A competency based training program was developed, so that all flood forecasters could
confidently use the system in flood events. This included web-based training modules and
hands-on experience in the system, and a thorough assessment process.
A range of system documentation and processes were produced. These covered change
processes, system guides, and support information.

Forecaster Training and Water Coach
Forecaster training and development is supported by HyFS-Water Coach, the flightsimulator of hydrological forecasting. It enables forecasters to recreate flood events and
demonstrate their competency by simulating the forecast process for these events, or to
test new forecasting approaches in a mode similar to operations.
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Figure 13: HyFS Water Coach User Interface

HyFS-Water Coach (Figure 13) enables HyFS to be run in a standalone mode using
canned datasets, and uses a simple, but effective technique of hiding future observations
from the forecaster. Water Coach also allows “a script” to be developed that enables the
information available to the participant to vary with time. This allows the development of
training scenarios that include the contextual information that would normally be available
to a forecaster during a shift, for example copies of any issued forecasts and warnings
weather outlooks and synoptic charts, and information from other agencies in the flood
warning process. It also enables the training event to link to additional data sources, such
as links to historical archives of the Bureau’s radar loops.
When running operational training events in a mode similar to operations, participants are
divided into two teams– one team playing the role of the operational forecasters, and
another team controlling the event and playing the roles of emergency services, media and
general public. This team calls the operational forecasters asking for briefings, media
interviews and detailed questions about the forecasters and warnings. These training
events have proved to be highly successful in creating the full atmospherics (i.e. stress) of
a real flood event and excellent training experience for forecasters, especially in
operational procedures and briefing skills for the media and emergency services.

Future enhancements and Conclusions
The HyFS project successfully delivered a flood and short term flow forecasting system. It
ingests observed rainfall and water levels and combines them with forecast rainfall to
compute streamflow and flood forecasts using various hydrological models. It allows flood
forecasters to visualise real-time observational data, gridded meteorological forecasts, and
hydrological model results and forecasts. This system is supported by a data collection
system that is capable of handling a wide range of data that is robust and reliable.
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HyFS is a highly configurable and adaptable system. It is designed to evolve, and support
new services. It enables the use of new science and forecasting methodologies and
brings these to the operational forecaster's desk. This is an essential part of maintaining
HyFS as a state-of-the art hydrological forecasting system. During the HyFS build phase, a
range of data sources that were previously unavailable for flood forecasting were made
available to forecasters in HyFS.
The Bureau of Meteorology is committed to continuing to sustain and extend the
capabilities of HyFS. The Australian Government response to the recommendations of the
Munro Review (Munro, 2011) provided funding to develop HyFS but also ongoing funding
for system support and maintenance. In addition, the Bureau has commenced a five year
project called HyFS 2020 to further extend the system. The project is scoped to deliver on
commitments the Bureau has made under the ANZEMC Task Force including providing
alerting services, flash flood guidance and flood scenario modelling generated from of
HyFS. It also includes a full ICT infrastructure replacement and ensures that the new high
resolution rainfall forecasts to be prepared by Australis, the Bureau’s new supercomputer,
will be integrated into HyFS and are anticipated to result in appreciable improvements in
flood forecasts.
HyFS is a paradigm shift in the hydrological forecasting capability of the Bureau. It is a
true enterprise forecasting system that will enable the Bureau to deliver the best possible
hydrological forecasting services to the Australian Community.
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