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From research to operations - a case study based on  the 
provision of the Bureau's Flood Warning Service 

Robert Catchlove, Soori Sooriyakumaran and  Jim Elliott  
(Hydrology Unit, Bureau of Meteorology) 

 

Introduction 
The transfer of research into appropriate operational use smoothly and effectively is well recognised 
as a difficult task requiring close attention and adequate resources. This paper attempts to provide an 
overview of the experience in this regard, learnt within the delivery of the Flood Warning Service by 
the Bureau of Meteorology.   
 

The research efforts to date are briefly described, as well as relevant ongoing and planned 
projects that are expected to contribute to improved flood prediction capability. The challenges faced 
in introducing new research into operations are described. The paper also describes some of the 
future research needs as identified by operational forecasters, together with some recommendations 
that could help ensure that the research benefits are maximised. 
 

Background 
The Bureau of Meteorology has a statutory lead role in the provision of national flood forecasting 
and warning services. These services are delivered through its Regional Offices in each State and the 
Northern Territory, and are provided in close cooperation with State and Local Government 
agencies. These agencies, in addition to providing key input data, take the lead role in the emergency 
management and response activities. The Bureau Regional Offices are responsible for the 
development, operation and maintenance of the Flood Warning Systems for that Region, in 
collaboration with State and Local Government agencies.   
 
 

 
 

Figure 1: The Role of flood prediction within the Total Flood Warning System Concept  
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A recent workshop sponsored by the Emergency Management Australia (Elliott et al, 2003) to 
discuss shortcomings in the effectiveness of the service, identified aspects of the interpretation, 
communication and protective behaviour elements of the Total Flood Warning System (Figure 1, 
EMA, 1999) as the components most in need of improvements. In contrast, the technical prediction 
capability was identified as being the strength of the current system. In fact, while the science being 
applied to the flood forecasting itself has not seen significant changes, the prediction performance 
has shown steady improvements. This is largely attributed to improvements in the data and in the 
technological advancement in IT systems. Figure 2 shows the improvements made over a period of 
10 years in the NSW Regional Office Flood Warning Centre in forecasting accuracy (McKay, 
2005a).  
 

FLOOD WARNING ACCURACY - Coastal  NSW

0

10

20

30

40

50

60

70

80

90

100

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

Year

%
 F

or
ec

as
ts

 w
ith

in
 0

.3
 m

et
re

s

No 
signif icant 

coastal 
f loods 

1993-94
& 2002

 

FLOOD WARNING ACCURACY - Inland  NSW
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Figure 2: Improvements in the forecast accuracy in NSW Region  
 

Research initiatives 
In 1992, the formation of the Cooperative Centre for Catchment Hydrology (CRCCH) provided an 
opportunity for the Bureau to access the resources of the broader research community including 
universities.  The CRCCH brought together, in a collaborative joint venture, several organisations 
with an interest in catchment hydrology.   One of the initial projects under the Flood Hydrology 
Program of the CRCCH was the development of an improved real-time flood forecasting model 
(Project D4). A component of a further project was the development of an improved loss model 
(Project D1). This relevance to flood forecasting needs continued with subsequent projects 
concentrating on improving the understanding spatial and temporal patterns of rainfall formation and 
movement using remote sensing (mainly radar).  
 
Projects on the development of improved forecasting  and loss models 
Following a worldwide review of real-time flood forecasting models and systems, two simple 
continuous soil moisture accounting models (AWBM and  Xinanjiang), the Probability Distributed 
Moisture (PDM, UK) model, and state-space version of the Sacramento model (the Hydrologic 
Forecast System) were chosen for evaluation in Project D4. Because of the prevalence at that time of 
unit hydrograph models, the project also evaluated three adaptive (or updating) versions of the unit 
hydrograph approach and the current URBS model was included to provide a basis for comparison. 
URBS was also used route the rainfall excess modelled by the continuous soil moisture accounting 
models through the catchment drainage network with a simple error correction model used to update 
the predictions in real time. The models were tested on 14 Australian catchments, with the 
performance being assessed using a number of statistics and peak error parameters. The results 
showed that both continuous soil moisture accounting models and the use of objective adaptive 
techniques outperformed current modelling approaches. (Elliott, 1997).   
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This development was carried out off-line in an MS Windows environment, the lack of 

resources required to convert the research software into an operational equivalent prevented the 
transfer of research to the operational environment in QNX / UNIX.  Furthermore, despite the 
technical evaluation showing an improvement in performance by the new models, operational 
forecasters did not show a strong interest in their adoption. The limited transfer made based on the 
adaptive and error-corrected unit hydrograph techniques failed to appeal to the operational 
forecasters, as the focus was by then getting directed to further improvements being made to URBS 
software itself.  To this day, none of the research outcomes of this study has been operationally 
implemented. 
 

Project D1 on loss modelling had a larger focus on design loss modelling. For flood 
forecasting needs, it was able to show (Hill et al, 1998) that pre-storm baseflow is potentially a better 
indicator of antecedent wetness as compared to the Antecedent Precipitation Index (API). A variable 
proportional loss model suitable for real-time flood forecasting was developed, but its application 
was limited to ephemeral streams with unregulated flow data. The research has not been adopted in 
flood forecasting practice as the improvements were seen as marginal for the additional complexity 
involved. 
 
Projects on spatial distribution of rainfall and st orm movement  
Errors in the estimates of catchment or sub-catchment average rainfall are a primary cause of 
inaccuracy in rainfall-runoff modelling. Existing procedures based on point rain-gauge data can 
introduce significant errors into the modelling process because they do not fully take into account 
the spatial and temporal variability of rainfall. Accordingly a further project was established to 
investigate the utility of remote sensing (mainly radar) to reduce such error. This project produced 
virtually all of the analysis, tools and science that support the current quantitative radar-rainfall 
applications in the Bureau. This included three PhD studies, and numerous industry based 
collaborations (see for example, Jordan et al, 2003). Other outcomes include a space-time model of 
rainfall (MOTIVATE), and a model for short term forecasting rain movement (S_PROG), which has 
shown much promise in international and national evaluations (Seed, 2003).  A more advanced 
rainfall forecasting model allowing uncertainty to be included through a stochastic ensemble 
approach is now progressing with the development of the STEPS rainfall forecasting model (Seed, 
2005).  
 

Considerable effort was spent on the establishment of systems to collect, archive and 
manage the radar data, and in establishing good calibrations that meet the needs for quantitative 
estimation of rainfall from radar. With the limited data available, and with questions still remaining 
whether they have been subjected to all the recommended QA measures, only limited resources have 
been made available to evaluate the data for operational flood forecasting. The work to date on 
evaluating the utility of radar-based estimates of rainfall (Xudong et al, 1999, Catchlove et al, 2005) 
has been limited to a few case studies and have not been conclusive. Further work is needed in this 
area before there is sufficient information for operational staff to make a judgement on the 
confidence in the operational use of this data source. Given the experience of the earlier research 
work, care will be needed with this process. However, now that an efficient delivery mechanism for 
fields of rainfall data has been set up through the Rainfields data server, the tools are becoming 
available to support such work. It is hoped that when Rainfields becomes fully operational, S_PROG 
forecasts will also be available and delivered as sub-catchment rainfall to be used directly in the 
flood forecasting models. However, further work will be required to the hydrological modelling 
environment if the benefits from the STEPS based ensemble approach are to be maximised. In 
addition to converting the present deterministic catchment based models to one better suited to using 
stochastic inputs, the operational hydrological forecasting system (HYMODEL) is not capable of 
accepting this new type of data in its current form.   
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Other projects 
The Bureau has been involved in other CRCCH projects aimed at improving the numerical weather 
prediction (NWP) models by improving the land surface modelling scheme (Richter, 2003) and the 
initialisation of soil moisture as part of the Murray-Darling Basin Continental Scale Experiment 
(MBD CSE) in GEWEX (Global Energy and Water Cycle Experiment). The improvements are 
expected to lead to better Quantitative Precipitation Forecasts (QPF) in particular but also offer 
potential improvements to hydrological applications through improved information on soil moisture 
and other components of the catchment water balance. The use of QPF at a basin scale is undergoing 
structured, ongoing verification in BMRC (Ebert, 2002) and, while this has contributed to its 
adoption within the flood forecasting environment, operational staff are also heavily influenced by 
individual case studies.  
 

The challenge in transferring research to operation s 
Some of the experiences with recent research initiatives have been described above. This is a 
challenging task and one that has not always been successful. Some of the reasons for this are 
discussed in the following with the aim of drawing out lessons learnt from this past experience that 
might help in achieving a greater success rate with current and future research.  
   
From a user perspective  
Traditionally, the operational forecasters have exhibited a healthy scepticism for new methodologies. 
Various reasons are suggested for this: 
 
· There is an expectation that the researchers must be known to have demonstrated that they 

understand the limitations of flood forecasting in real-time. 
· The association of prediction methods with the estimation of uncertainty is generally perceived 

differently by the science providers and users. Associated with this, there is considerably wide 
range of views on the best way to convey the uncertainty to various groups downstream, and in 
particular, to the community. This communication process can be very subjective and, currently 
at least, is not undertaken with an objectively defined performance target. Accordingly while 
the performance of a new method can be shown to be technically superior, this objective 
improvement may not be seen by the forecaster as improving the performance of their 
subjective “contract” with the client. This different perspective on performance by researcher 
and operational staff makes communication on improvements to performance very difficult. 

· Any introduction of new methodologies requires careful change management. This requires 
clarity of direction and high level commitment, extensive consultation from the beginning, 
effective communication, allowing sufficient time for input into process, the users must see that 
the project is well-resourced, and ensuring stability during Planning and Analysis phase. 
(Treloar, 2005). 

 
Systems Issues 
System development issues impact significantly in the transfer of research to operations.  One issue 
identified for the CRCCH project dedicated to flood forecasting models not getting transferred into 
operations was that it was conducted on a MS Windows platform, and that there were insufficient 
resources to re-program into the operational UNIX system.   
 

The concept of having a common modelling framework that will allow researchers and 
developers to contribute new models with minimum software adaptation issues led to the formation 
of the Catchment Modelling Toolkit within the CRCCH projects. The initial implementation of this 
however has, so far, had the focus on model simulation needs rather than real time operational use.     
 

Another issue in limiting the transfer of research to operations is the “confidence” aspect the 
forecasters place on the models. As flood events do not happen every day, and there could be 
considerable gaps between events, it is highly unlikely that operational flood forecasters will use a 
new, untested model “in-anger”, when they have greater concerns relating to the provision of the 
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service in general. While they would be prepared to try it out later in a comparative study, the lack of 
experience “in-anger” may continue, perhaps for several more events. Therefore, it is imperative that 
any new model be developed in the same operational environment and be available for testing within 
that environment. To help overcome this limitation, it is essential that evaluation of new procedures 
uses performance criteria that relate as closely as possible to operational needs as was done in 
CRCCH Project D4. There will always be a degree of uncertainty at the start of a new flood event 
about performance of any technique, but this can be reduced if the model has been subjected to 
thorough assessment in terms that make most sense to operational staff before it is introduced into 
operations.  
 

Future research needs as perceived by forecasters  

A three day workshop (Catchlove, 2004) was held in May 2004 to get together all relevant flood 
warning operational staff to identify the strategic directions for flood forecasting techniques and 
associated scientific development. The workshop discussed the service requirements for the quick 
response, medium response and slow response basins, and identified the key issues that need 
resolution on a short, medium and long term basis.   
 
 

Issue Rank 
QPF – how/when to use it, what temporal and spatial scales 1 
Management of uncertainty  2 
Soil Moisture – need for more expertise 3 
Rain distribution – spatial, temporal 4 
Visualisation of data and the ability to correct 5 
Availability of radar rainfall 6 
Rainfall runoff modelling issues 7 
Scale issues  8 
Empirical Methods (use of peak height correlation, etc) 8 
Conceptual versus physical 8 
Lumped versus distributed models 8 
Distribution of Modelling expertise to local agencies and others (self-help schemes) 8 

 
Table 1: Regional forecasters priority listing of key issues   

 
 
Table 1 indicates the one of the outcomes of the workshop in terms of priorities from a list of 
identified issues that arose from the discussions.  The low priorities associated with the last few 
issues reflect a recognition of the already available research outcomes from previously concluded or 
from current ongoing work. This workshop provided a good mechanism to provide an opportunity to 
the flood forecasters to provide feedback into future research needs. 
 
As a result of this, some of the internal research activities currently underway of significance to the 
flood warning operations are: 
 
· Use of QPF – more testing is in progress (McKay, 2005b) with help from BMRC. The 

adaptation of the Poor Man’s Ensemble (PME) will result in improved support and assurance of 
availability of the various models.   

· A move towards ensemble modelling and in particular ensemble rainfall forecasts.   
· Spatial Rainfall Analysis - Some benchmarking with the current Urbsrain method with support 

from NCC, who are working on improved analysis. 
· Simple correlation techniques by Regional forecasters to improve generation of the Flood Watch 

Product.  
· Sensitivity analysis on the impact of model time step on excess rainfall. 
· Forecast Verification - Work is in progress to find ways to best use the warning issue data that 

has been compiled over a number of years for benchmarking. 



 82

 
The new eWater CRC provides an excellent opportunity to undertake applied research into the 

application of ensemble based rainfall forecasts in flood forecasting, and projects with such 
objectives are under consideration. The 2004 workshop did not include any discussion on the 
potential benefits in adapting ensemble approach to flood prediction. It is believed that it will require 
a special meeting of stakeholders on its own right, considering the inherent complexities involved in 
the use and resultant warning message construction. The eWater CRC may also provide additional 
resources to address the need identified in Table 1 for improved information on soil moisture.    
 

Some recommendations  
The main issues that limit the transfer of research into operations are:  
· System development and integration issues in applications and data. The Bureau is currently 

using a Unix environment for operations, while most researchers use MS Windows. The real 
time access to data within a consolidated database environment is seen as a key consideration. 
Appropriate documentation for support and maintenance of any software developed is critical. 

· Change management issues, in particular management of the communication process between 
researchers and forecasters to ensure researchers fully understand how forecasters view 
performance and forecasters work to express this in terms to assist evaluation of research 
products and remain open to embracing new methodologies and tools even though the existing 
ones are appearing to work well.  

 
To address these issues a continuing and concentrated effort is required on communication and 

adaptation strategies as part of research project development. It will be very worthwhile if more 
direct contact and coordination between researchers and operational staff happen, so that the 
research is seen as directly addressing the problems the operations face. This requires commitment 
from both the science provider as well as the science user. Acceptable means of evaluation of 
research performance and reporting play a very important role in developing confidence among the 
operational staff on the use of new science.   
 

At present, the interaction between a forecaster and the model during a flood event involves a 
considerable amount of subjective input by the forecaster, reflecting a knowledge of catchment 
behaviour gained from several years of experience. The time taken to provide this additional input 
depends, in part at least, on the perceived uncertainties of the model performance. One of the aims of 
future research should be to illustrate through objective analysis and comparison that the “value 
adding” that individual forecasters undertake could be reduced as new research techniques are 
introduced. This will allow the forecasters to concentrate on the more important tasks requiring their 
direct expertise, allowing forecasts for additional forecast locations.  
 

The detailed testing of new methodologies in an operational environment is vital, allowing the 
forecasters to fully understand the model in the environment it which it will be used. Also of 
importance is the development and implementation of a structured training program with potential 
inclusion of competency standards.  
 

Concluding comment 
Research resources are very scarce. The technical performance of Bureau flood forecasting practices 
can be improved and it is essential that the best possible science is applied to this task. Research has 
a vital role to play here. Past and continuing research investment has produced some successes but 
experience has been that this investment has not generated the expected return to the community in 
improvements to operations. Some of the reasons for this are discussed above and some 
recommendations to help with improved performance are suggested. This issue has to be owned by 
both researchers and forecasters, and each group needs to play its respective, vital role. 
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