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ABSTRACT 

HEC-HMS is a hydrological modelling platform that has been developed by the Hydraulic 
Engineering Center of the US Army Corps of Engineers and is widely used outside Australia.  
The use of HEC-HMS in Australia would give practitioners an additional tool to target the 
needs of our flood models.  This is particularly important in the context of some Australian 
rainfall runoff models being retired or uncertainty regarding their future support and 
maintenance. 

Previously, a limiting factor in the use of overseas models such as HEC-HMS in Australian 
catchments is their inability to easily model the design storm ensembles required by 
Australian Rainfall and Runoff 2019 (ARR2019). 

Recent advances in the Storm Injector software have enabled the modelling of Australian 
design storms in HEC-HMS in addition to the already supported WBNM, RORB, XP-RAFTS 
and URBS models.  By solving this problem of modelling Australian design storms in HEC-
HMS, it opens up the software for wider use in Australia. 

This presentation will provide an overview of the methodologies, the development of options 
that are compatible with Australian practice and the establishment of calibrated parameters 
for trial catchments.  It will also include a comparison with conventional modelling, 
especially the use of RORB modelling in Victoria.  Conclusions will include a discussion of 
the pros and cons of HEC-HMS and recommendations for further research and development.   
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Introduction 

The intent of this paper is to describe recent initiatives to use the hydrogical modelling platform HEC-
HMS in the Australian context, particularly the adaptation of HEC-HMS to align it with the 
methodologies described in Australian Rainfall and Runoff 2019 (ARR2019) (Ball et al, 2019).  The 
two main topics described herein are the development of the Storm Injector program by Catchment 
Simulation Solutions to integrate HEC-HMS with ARR2019, and a comparison of HEC-HMS outputs 
to RORB outputs using real world examples. 

HEC-HMS 

HEC-HMS is a hydrological modelling platform that has been developed by the Hydraulic 
Engineering Center (HEC) of the US Army Corps of Engineers (USACE), which is funded to develop 
and maintain the software to meet the various needs of practitioners in the US.  USACE permits and 
encourages the use of HEC programs, such as HEC-HMS outside the US.  For example, the USACE 
hydraulic model HEC-RAS is used widely around the world with the support of USACE.  HEC-HMS 
is one of the prefered hydrological modelling platforms for international aid agencies such as the 
World Bank (Lund, 2010).  USACE imposes a rigorous regime of testing and documentation, and is 
currently rapidly developing and expanding the capabilities of HEC-HMS (the current release version 
is 4.8 and version 4.9 is at Beta 5). 

From the practitioner’s point of view the main advantages in HEC-HMS lie in its extensive 
capabilities, its integration with the wider HEC family of programs and platforms, and the absence of 
a licence fee.  The main disadvantages for the Austalian user are that the USACE cannot provide 
direct support to users outside its own aegis, and that the great number of options available at every 
level of the model can be bewildering. 

The case for HEC-HMS in Australia 

HEC-HMS is one of the world’s best studied and featured packed rainfall runoff models with a large 
range of linear and non-linear transformation options for subareas and reaches.  It includes advanced 
analysis features and semi-automated parameter optimisation.  It also includes a large range of rainfall 
loss models, although ARR2019 only recommends initial and continuing loss models.  However, 
water is water everywhere on earth and it obeys the same laws of physics, regardless of location, so 
there is no fundamental reason why HEC-HMS should not be used to model rainfall runoff processes 
in Australia.   

Soils and catchment characteristics differ from location to location; they vary widely within Australia, 
as they do in the US.  In all regional contexts, the merits of models should be assessed by calibration 
and verification to site specific data rather than use of generic regional parameters.  In the context of 
other Australian hydrologic models, that now exist in legacy programming languages with minimal 
ongoing development, HEC-HMS offers new and expanded opportunities to Australian hydrology. 

The Problem 

The biggest technical obstacle in applying HEC-HMS in Australia relates to the modelling of the 
design storm events prescribed by ARR2019 and their suites of temporal patterns.  Prior to the 
development of Storm Injector, a ARR2019 analysis in HEC-HMS required the manual calculation 
and importation of hundreds of temporal patterns.  An ensemble analysis for a single AEP for the full 
range of storm durations requires 240 different temporal patterns; this must be multiplied by seven for 
each of the standard AEPs, and multiplied again by the number of subareas that represent different 
rainfall intensity-duration-frequency curves (IFDs) where they vary across a catchment.  These 
logistics obviously point to a coding approach, rather than manual input. 

The data managament policy of USACE is to use its binary database HEC-DSS (Data Storage 
System) as a common data repository for all its programs, including HEC-HMS and HEC-RAS.  The 
temporal patterns must first be injected into HEC-DSS for use in HEC-HMS.  Without the appropriate 
scripts and application programming interfaces (APIs), the manual entry of data into HEC-DSS is 



 

 

prohibitively time consuming and prone to error.  Previous experience suggests that it could take a 
whole working week to manually input all the temporal patterns for a single zone.   

Storm Injector 

Storm Injector is a software product by Catchment Simulation Solutions (CSS).  It arose out of a need 
to apply ARR2019 consistently to the hydrological programs commonly used in Australian practice.   

In general, Storm Injector does not change the underlying hydrological model, but generates the 
design storm information, including rainfall hyetographs for all subareas and rainfall loss parameters.  
Storm Injector also applies post-processing analysis tools such as the box and whisker plots that 
feature prominently in ARR2019 analysis. 

As an application dedicated to applying Australian design storms, Storm Injector can devote 
considerable screen real-estate and development effort to advanced topics that may not be available in 
the native user interfaces of the hydrologic models.  These include: 

 Identification and smoothing of embedded bursts 

 Use of pre-burst temporal patterns to model pre-burst rainfall 

 Application of 3 different sets of rainfall losses for Directly Connected Impervious Areas 
(DCIAs), Indirectly Connected Areas (ICAs) and Impervious Areas (IAs) 

 Adjustment of calibrated rainfall loss parameters based on Data Hub pre-burst rainfall 

 Application of jurisdiction specific rainfall loss advice (specifically, NSW, VIC and the 
Illawarra) 

 Construction of box plots of ensemble results by measures other than peak flow including 
volume (for volume sensitive catchments) and time to peak (for evacuation considerations) 

 Analysis of local rainfall records for at-site-IFD analysis to verify BoM IFD data 

HEC-HMS integration with Storm Injector 

The general method in which a supported hydrologic model is used with Storm Injector follows these 
steps: 

1. A user imports a calibrated hydrologic model into Storm Injector. 

2. Storm Injector is used to determine rainfall hyetographs and loss rates for all subareas in the 
model by ingesting site-specific data from the ARR Data Hub. 

3. Storm Injector creates run files in the native format of the hydrologic model, which typically 
uses one or more files for every storm simulation. 

4. Storm Injector automatically runs each simulation, with options for parallel processing for 
increased performance. 

5. Storm Injector reads the result files in the native format of the hydrologic model and then 
performs post-processing analysis in the Storm Injector interface. 

Writing the model run files and interpreting the model results files (Steps 3 and 5) is relatively 
straightforward where the native program uses text file inputs and outputs, such as is the case for most 
Australian models.  However, in the case of HEC-HMS Storm Injector creates and runs Jython scripts 
to interface with HEC-DSS.  For peak results, Storm Injector interrogates the XML result files 
generated natively by HEC-HMS and hydrographs are exported from HEC-DSS database via scripts. 

A flow chart illustrating how Storm Injector and HEC-HMS work together for analysis of Australian 
design storm is shown in Figure 1.  This feature has been released in Storm Injector 1.3.0 in June 
2021 and is currently a Beta release.  A video demonstration is available on-line at 
https://www.youtube.com/watch?v=rghV-FW-PFM . 

 

  



 

 

 

 

Figure 1.  Workflow showing interfaces between Storm Injector and HEC-HMS 

 

RORB v HEC-HMS - Comparison of unit hydrograph options  

The gallery shown in Figure 2 shows hydrographs generated by RORB (black) and the various unit 
hydrograph options available in HEC-HMS (blue).  The hydrographs were generated by a candidate 
catchment in rural Queensland using consistent soil loss parameters.  The intent of the gallery is to 
show how the peak flow and shape of the hydrographs vary according to the type of hydrograph used.  
The gallery indicates that the Clarke Unit Hydrograph yields the best fit in terms of peak flows and 
rising and falling limbs, followed closely by the SCS Unit Hydrograph.  The HEC-HMS Kinematic 
Wave and Snyder Unit Hydrographs diverge more widely from the RORB hydrograph. 



 

 

 

 

RORB v HEC-HMS Clark Unit Hydrograph 

 

 

RORB v HEC-HMS Kinematic Wave 

 

 

RORB v HEC-HMS SCS Unit Hydrograph 

 

 

RORB v HEC-HMS Snyder Unit Hydrograph. 

 

Figure 2.  RORB v HEC-HMS: Comparison of various unit hydrograph options in HEC-HMS 

 

 



 

 

 

 

Example Model – Darebin Creek in Victoria 

Context 

A hydrological model was developed for Darebin Creek, Victoria, to provide inputs to the engineering 
design of a bridge upgrade as part of a road project.  The hydrological model comprised a RORB 
model, updated to Australian Rainfall and Runoff (ARR2019, Ball et al 2019).  The author took the 
opportunity to develop a HEC-HMS model, externally to the project, for a comparison of model 
outcomes. 

All the data presented in this comparison is publicly available through on-line web portals with the 
exception of the RORB model results.  The intent of presenting the data is not to comment on the 
outcomes of the road project, but to describe a practical workflow that may be used to develop HEC-
HMS models in the Australian context. 

The catchment for Darebin Creek extends over an area of urban development and future urban 
development and it includes three stream gauges, as illustrated in Figure 3. 

The RORB model parameters were calibrated using a flood frequency analysis (FFA) of Stream 
Gauge 229613A Darebin Creek at Rufus Street, Epping, as illustrated in Figure 8.  The FFA of the 
gauge record calculates a peak 1%AEP flow of about 75 m³/s.  The catchment reporting to Stream 
Gauge 229613A has an area of about 51 km². 

Development of HEC-HMS model 

A HEC-HMS model was developed for the catchment reporting to Stream Gauge 229613A.  The 
model used a Clark Unit Hydrograph and initial and continuing losses.  The model comprised a single 
node, with no sub-catchments or links, using the following main catchment parameters 

 Clark Unit Hydrograph – storage coefficient (sc), which is unique to the catchment 

 Clark Unit Hydrograph – time of concentration (tc), which is unique to the catchment 

 Initial loss (IL), which can be adopted from ARR2019 

 Continuing loss (CL), which can be adopted from ARR2019 

The percent impervious was set to 50%, based on a preliminary assessment of areal photographs.  The 
strategy used by HEC-HMS for percent impervious is to apply losses to the remaining, pervious area 
and no losses to the impervious area.  In this example, the assigned percent impervious is of little 
consequence because increasing the impervious area would reduce the losses, which were subject to 
further optimisation and calibration in any case.  (“Within HEC-HMS, no loss calculations are carried 
out on the percentage of the subbasin that is specified as impervious area; all precipitation that falls on 
that portion of the subbasin becomes excess precipitation and subject to direct runoff”, HEC-HMS 
Tutorials and Guides, Applying the Deficit and Constant Loss Method). 

The workflow for the development of this model followed these steps or phases 

 Phase 1 – Preliminary estimate of all four catchment parameters by applying approximate 
values to a candidate historic storm and then using the HEC-HMS optimisation function to 
refine the estimates 

 Phase 2 – Use of Storm Injector to apply storm ensembles, IL, CL and pre-bursts according to 
ARR2019.   

 Phase 3 – refinement of sc and tc, using the ARR2019 estimates of IL and CL 

Phase 1 comprised the candidate rain event from 29 March 2020 to 10 April 2020, using the rainfall 
record for gauge 086036 Epping, which has a time increment of 1 hour.  The optimisation capabilities 
in HEC-HMS were used to refine preliminary parameters for the unit hydrograph and losses for this 
single candidate event. The resulting hydrographs are shown in Figure 4 and the optimised parameters 
are summarised in Table 1. 



 

 

Phase 2 used Storm Injector to set up and process the ensemble of temporal patterns for the 1%AEP.  
The resulting box-plot is shown in Figure 5.  These indicate a critical 1%AEP peak flow of about 72 
m³/s, which is similar to the 1%AEP FFA result at the gauge (75 m³/s).  The critical storm durations 
were 9 hours for all AEPs. 

Phase 3 revised the transform parameters sc and tc to yield a 1%AEP peak flow of 75 m³/s, then re-ran 
all the temporal patterns and candidate storm of March 2020.  The revised parameters resulting from 
Phases 2 and 3 are summarised in Table 2. 

The revised parameters from Table 2 were applied to the HEC-HMS model and Storm Injector was 
re-run to update the calculations.  The results for 1%AEP are shown in Figure 6, which shows 
convergence on the FFA result of 75 m³/s. 

Storm Injector was used to generate storms for all AEPs and the results are plotted on the Flood 
Frequency Analysis in Figure 8.  The FFA indicates that HEC-HMS provides a better fit than RORB 
for the range 10%AEP to 1%AEP.  RORB provides a better fit for the 50%AEP and 20%AEP events. 

The HEC-HMS model was run for the 29 March 2020 event with the Phase 2 and 3 parameters in 
Table 2.  The results are shown in Figure 7.  As expected, the revised parameters diverge more from 
the observed hydrograph than the preliminary parameters in Phase 1, which are illustrated in Figure 4.   

Finally, the HEC-HMS model was run for uniform rainfall events with the revised parameters, which 
is not an approach recommended in ARR2019.  The uniform rainfall events applied rainfall at the 
uniform rate of the rainfall intensity for the duration of the storm.  Several durations were run per 
AEP and the duration yielding the maximum peak flow was selected as the critical storm.  The critical 
storm durations using this method were 6 or 9 hours for the ranges 63.2%AEP to 20%AEP and 
10%AEP to 1%AEP, respectively.  The results are superimposed on the FFA graph in Figure 8.  A 
summary of all the peak flows is shown in Table 3. 

 

Figure 3.  Plan of Darebin Creek Catchment, showing stream gauges (orange) and nearby rain 
gauges (blue). 



 

 

 

 

Figure 4.  Phase 1 - Comparison of hydrographs at Stream Gauge 229613A showing observed 
flows (black) and computed flows (blue)  

 

Table 1.  Phase 1 - Preliminary parameters for HEC-HMS model at Stream Gauge 229613A. 

Parameter Value 

Percent impervious 50% 

Clark Unit Hydrograph – Storage Coefficient 11.73 hours 

Clark Unit Hydrograph – Time of concentration 0.27 hours 

Initial and constant – constant rate 6.34 mm/hour 

Initial and constant – initial loss 39.4 mm 

 

 

Figure 5.  Phase 2 – Storm Injector Box Plots for 1%AEP using Preliminary Parameters  



 

 

 

Table 2.  Phases 2 and 3 - Revised parameters for HEC-HMS model for 1%AEP. 

Parameter Value 

Percent impervious 50% 

Clark Unit Hydrograph – Storage Coefficient 11.13 hours 

Clark Unit Hydrograph – Time of concentration 0.34 hours 

Initial and constant – constant rate 2.6 mm/hour 

Initial and constant – initial loss 7.65 mm 

 

 

Figure 6.  Phase 3 –Storm Injector Box Plots for 1%AEP using revised parameters   

 

Figure 7.  Comparison of hydrographs at Stream Gauge 229613A showing observed flows 
(black) and computed flows (blue) using revised parameters from Phase 3 



 

 

 

 

 

Figure 8.  Comparison of RORB and HEC-HMS Results with Flood Frequency Analysis at 
229613A Rufus Street Gauge (1977 to 2021) including HEC-HMS results for uniform rainfall. 

 

Table 3.  Summary of peak flows (m³/s) 

AEP Event  FFA at Gauge 
229613A 

RORB  HEC‐HMS with 
temporal 
patterns 

HEC‐HMS with 
uniform rainfall 

63%  9      18 

50%  12  14  19  21 

20%  23  24  30  31 

10%  32  37  39  40 

5%  43  55  48  50 

2%  60  81  62  64 

1%  75  101  75  76 

 

Limitations of Darebin Creek HEC-HMS model 

The analysis for Darebin Creek is limited to a single, candidate historic event, which has yielded a 
good match between observed and computed flows (Figure 7).  Further candidate historic events have 
not been tested as part of this analysis, and it is not know whether they will yield similarly good 
matches between computed and observed flows. 

The model used for this analysis used a single catchment (sub-basin) node for simplicity.  More 
complex models will comprise a network of nodes and links.  As there are no links in this model, the 
routing parameters for the links have not been tested.  The HCFCD guidelines (Talbot, 2009) 
recommend using the Modified Puls method and a cycling methodology between the HEC-HMS 



 

 

hydrological model and HEC-RAS hydraulic model.  Although the HCFCD cycling methodology 
would yield accurate results, it is complex and relies on the development of a fully functioning HEC-
RAS model which, in turn, relies upon high resolution terrain or channel and stream-bed data.  Further 
investigation is needed to develop a practical methodology for determining link parameters in 
Australian practice. 

The model used for this analysis was constrained to calculating losses by fixed initial loss and 
continuing loss parameters (IL/CL).  Other methods, which are available within HEC-HMS, may 
yield results that scale better over a range of events and are better suited to other modelling 
approaches, such as long term continuous modelling. The limitations of the IL/CL loss model with 
fixed losses are apparent in the divergence between observed and computed flows for the more 
frequent events (Figure 8). 

Conclusions 

The development of Storm Injector presents the opportunity to develop hydrological models in HEC-
HMS in accordance with the methdologies described ARR2019. 

The comparisons in this paper demonstrate that the methodologies available within HEC-HMS can 
produce hydrographs that are similar to and, in many ways, better than the results from a RORB 
model.  The comparison between the peak flows from temporal patterns and uniform rainfall 
intensities in HEC-HMS show very similar results. 

A practical workflow has been developed that can be used to develop model parameters from a 
combination of ARR2019 storm ensembles and calibration to stream gauges.  This workflow can be 
applied to any of the modelling options and strategies in HEC-HMS, including event-based models 
for design storms and long term continuous simulation.  The merging of the ARR2019 technology and 
calibration to first principles allows the extensive functionality of HEC-HMS to be brought to bear on 
a wide range of hydrological studies. 

Concluding observations 

The transparency of the methodology, especially the user’s experience of handling foundational  
rainfall, terrain and stream gauge data, provides intangible benefits in terms of an improved 
understanding of the constraints and uncertainties inherent in all hydrological models. 
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