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ABSTRACT 

Bushfires can have a significant impact on long-term catchment runoff. Typically, catchment 

runoff increases immediately following the destruction of a mature forest by fire. As the forest 

regenerates an increase in evapotranspiration tends to result in reduced streamflow (Kuczera 

1985; Watson et al. 1999). 

Recent investigations focusing on the responses to the Black Saturday bushfires in Victoria 

(February 2009) show a deviation in the traditional trajectory of streamflow post-fire in a 

mixed-species eucalypt forest (MSEF). This evidence suggested faster recovery times for 

evapotranspiration. Nolan et al. (2015) attributes this response to the enhanced resilience of 

resprouting vegetation types in comparison to reseeding forests (e.g. Ash dominated forests). 

The post-fire streamflow response of a MSEF subject to moderate severity fire aligns with the 

well-known Ash response, albeit with a dampened increase in evapotranspiration and much 

faster recovery times. 

Over January-February 2019, 58km2 of the Thomson catchment was burnt, equivalent to 

12% of the catchment area. In March 2019 the Cambarville fire burnt 21km2 of land, 

resulting in 18km2 (or 32%) of the Armstrong catchment area being burnt. To understand the 

impact of these fires on catchment runoff, Melbourne Water’s RAFIS model was run for three 

climate scenarios. 

The change in streamflow resulting from the fires in the Thomson catchment was found to be 

small over a long-term period. This was due to the majority of burnt vegetation being in 

MSEF. This quick return to the pre-fire condition resulted in a small average annual increase 

in runoff over the long-term. In the Armstrong catchment a large proportion of the vegetation 

burnt was Ash forest, which is expected to follow the traditional streamflow response 

trajectory (Jacobs 2014). For this catchment the average annual change in catchment yield 

compared to the no-fire condition showed an anticipated reduction over the full-term.  



 

 

INTRODUCTION 

Two of Melbourne Water’s water supply catchments were subject to a large-scale bushfire in early 

2019. Over January – February 12% of the Thomson catchment area was burnt. Later, in March, the 

Cambarville fire burnt 32% of the Armstrong catchment upstream of Armstrong Weir (here-on called 

the Armstrong catchment).  

Given that bushfires can have a significant impact on the long-term catchment runoff following a burn 

event, an assessment of the 2019 fire impact on water yield for both the Thomson and Armstrong 

catchments was undertaken for 200-years into the future. This assessment focused solely on the 

volumetric impacts on yield, ignoring the bushfire impacts on water quality. This investigation did not 

assess changes in vegetation responses due to variation in rainfall, temperature and increased carbon 

dioxide concentrations as a result of climate change, nor did it consider the impact of multiple 

bushfires occurring in quick succession in a forest dominated by reseeding vegetation. 

In the past, different modelling approaches have been adopted to assess the impacts of forest 

disturbances and regrowth on catchment streamflow. This includes the use of simple spreadsheet 

models (e.g. those which model the response based on either the Kuczera or Watson curves). In 

addition to spreadsheet models, more complex, physically based distribution models (such as the 

Macaque model) have also been used (Feikema et al. 2013; Tan et al. 2011). For the purpose of this 

assessment, the Rapid Assessment of Forest Impacts on Streamflow (RAFIS) was used to model the 

catchment streamflow response resulting from the Thomson and Cambarville fires. RAFIS was 

developed by Jacobs for the exclusive use of Melbourne Water (Jacobs 2014). This model was 

designed to provide Melbourne Water with a tool which would provide more robust analysis than 

would be obtained from a simple spreadsheet model, without requiring substantial computation times. 

Previous bushfire experience and research for Melbourne’s water supply catchments and south-

eastern Australia suggests that the impacts on long-term streamflow following a fire will depend on 

the spatial distribution of fire extent and severity, vegetation type, age, mortality and rainfall (both pre 

and post fire). Over the short-term, post-fire streamflow may increase due largely to a reduction in 

interception and evapotranspiration losses (Tan et al. 2015). Typically, however, a net reduction in 

streamflow yield is observed as the forest regrows. This is due largely to an increased water uptake of 

some juvenile tree species compared to the volume required for species at maturity. Recent evidence 

suggests a difference in the traditional trajectory of long-term streamflow post-fire in a mixed species 

eucalypt forest (MSEF). In-line with the traditional streamflow response, Nolan et al. (2015) found 

that a MSEF subject to a moderate severity fire resulted in a net decrease in evapotranspiration. 

Results however exhibited a dampened increase in evapotranspiration from the traditional trajectory 

and more rapid recovery times. This was attributed to changes to forest structure and rates of observed 

mean daily sap velocity within the surviving trees. Nolan et al. (2015) found no evidence to suggest a 

decline in streamflow yields following wildfire in a resprouting eucalypt forest would occur following 

a high severity fire. 

METHOD 

RAFIS is a spatial tool developed by adapting and enhancing an existing modelling framework based 

on streamflow response functions known as Bushfires Impacts on Streamflow Yield (BISY) (Mannik 

et al. 2013). In 2014, Jacobs developed RAFIS for Melbourne Water to provide broad scale rapid 

assessment of the impacts on streamflow due to bushfires in water supply catchments. Recent, large 

scale bushfire events haven driven several investigations into MSEF. These studies provided evidence 

to suggest that the MSEF streamflow and post-fire response functions which have been traditionally 

adopted by RAFIS are no longer in-line with the best available information. This section presents an 

introduction to RAFIS, as well as details of the updated streamflow and post-fire response functions 

which were applied to the modelling software for the purposes of this investigation.    

RAFIS Tool 

RAFIS calculates the change in annual streamflow across a catchment by aggregating individual grid-

based computations of the streamflow response functions. The spatial, gridded inputs to RAFIS 

include the catchment grid, fire severity, mean annual rainfall, vegetation type and vegetation age. 



 

 

Other non-gridded inputs include both streamflow and post-fire response functions. The outputs from 

RAFIS are catchment streamflow response timeseries for the ‘no-fire’ and ‘post-fire’ conditions. The 

key output of interest is the net impact on overall catchment water yield (i.e. the difference in 

streamflow responses between the ‘no-fire’ and ‘post-fire’ conditions). 

The adopted standard streamflow response function for each vegetation type is adjusted according to 

the assumed mean annual rainfall in each catchment grid cell. The input vegetation age and the 

rainfall-adjusted response function is then used to calculate the streamflow response in each grid cell. 

The vegetation age represents the maturity of the relevant vegetation immediately preceding the fire 

(referred to here as the ‘pre-fire’ age). 

For the ‘post-fire’ condition, the assumption is that the fire of interest occurs at the start of the 

modelling period. In which case, the available fire severity data is used to determine the overall 

classification of each grid cell. In addition to fire severity, a pre-defined set of post-fire response 

assumptions are used to determine the extent to which each vegetation type is likely to recover or 

regrow. The RAFIS tool gives explicit spatial account to the factors that most influence the timing and 

magnitude of streamflow response to bushfires, namely to the differences in rainfall, vegetation type, 

forest age, and fire severity. Grid cells that are assumed to fully recover result in future streamflow 

yield that is based on the rainfall-adjusted streamflow response function which continues from their 

associated ‘pre-fire’ age. For these grid cells, the forest canopy is assumed to regrow within 1-year, 

with the fire resulting in either low or no mortality. Grid cells that are assessed to regrow result in a 

future water yield that is based on the rainfall-adjusted streamflow response function after it is reset to 

age zero. For these grid cells, the fire is expected to result in high or total mortality with no recovery. 

Depending on the fire severity, some vegetation types may be assessed to partially recover. For grid 

cells assumed to partially recover, recovery occurs for part of the forest (either with or without delay 

scenarios) and the remainder undergoes regrowth. For these grid cells it is the average age within the 

cell that becomes the input to the model. 

Streamflow response functions 

Victoria has experienced multiple large bushfire events in the past two decades, of particular note are 

the 2002/03, 2006/07 and February 2009 (Black Saturday) bushfires. In response to these bushfires  

several investigations into the fire impact on various vegetation assemblages have been undertaken. 

These investigations provided evidence which suggested a difference in the streamflow response 

function of mixed species eucalypt forest (MSEF) in comparison to what has been traditionally 

adopted in RAFIS. The remainder of this section presents a brief history of the modelling approaches 

on catchment yield following a fire, and how this has led to the development of the set of revised 

streamflow response functions for MSEF which were adopted as part of this investigation. 

In 1985, Kuczera published an article on the prediction of water yield reductions following a bushfire 

in a forest dominated by ash and mixed species eucalypt vegetation (Kuczera 1985). He also 

developed a streamflow response curve, originally developed to represent Mountain Ash species 

known as the Kuczera curve. 

A second streamflow response curve for Mountain Ash species, (the Watson streamflow response 

function), was developed in 1999 (Watson et al. 1999). In the same year Watson (1999) developed the 

Macaque model which was initially developed for the Maroondah catchments to account for the 

spatial variability of fire extent and severity, as well as vegetation type and mortality (Peel et al. 2000; 

Tan et al. 2015). MSEF subject to class 1 severity fires were assumed to exhibit widespread mortality, 

driving a regrowth stand, while class 2 severity fires were assumed to show a split of regrowth and 

recovery. In 2003 the Macaque model was used by the Department of Environment, Land, Water and 

Planning (DELWP; formerly the Department of Sustainability and Environment, DSE) to model the 

hydrologic impact of the alpine fires which occurred that year around the Great Dividing Range in 

south-eastern Australia. 

Later, in 2009, Jacobs (formerly Sinclair Knight Merz, SKM) developed the BISY model and used it 

to estimate the change in streamflow resulting from the bushfires which occurred in eastern Victoria 

in 2002/03 and 2006/07 (SKM 2009). Key findings of this investigation found that MSEF were 

recovering to a greater extent than previously assumed (Mannik et al. 2009). In response to this, a 

workshop attended by various practitioners from DELWP (then DSE), Melbourne University and 



 

 

Jacobs (then SKM) was held to update the streamflow and post-fire response assumptions around 

MSEF. The consensus from this meeting was that the original assumption around wide-spread 

mortality of MSEF under a Class 1 and 2 severity fire was incorrect, with mortality rates likely to be 

between 10 – 25% (Feikema et al., 2011). 

Figure 1 and Table 1 presents the resulting streamflow response functions for different vegetation 

types which were adopted by Jacobs in 2009 and later in RAFIS (Jacobs 2014). 

 

Figure 1. Streamflow response functions for different vegetation types using Watson 

parameterisation and scaled for a mean annual rainfall of 2000 mm/year (Jacobs 2014). 

 

Table 1. Watson parameters for Mountain Ash, MSEF and Snow Gum response curves 

Parameter Units Description Mountain Ash MSEF Snow Gum 

R mm/yr Associated rainfall 2000.0 1000.0 2475.0 

Etp mm/yr Peak evapotranspiration 1500.0 795.0 1200.0 

Tp yr Time to peak evapotranspiration 34.0 16.1 5.5 

Etc mm/yr Climax evapotranspiration 800.0 843.0 925.0 

Tc yr Time to climax evapotranspiration 6.0 6.8 1.2 

Etd mm/yr Decline evapotranspiration 400.0 -439.7 220.0 

Td yr Time to decline evapotranspiration 60.0 17.1 100.0 

Etm mm/yr Minimum evapotranspiration 300.0 403.5 250.0 

Tnil yr Age of mature forest 150.0 150.0 150.0 

Insufficient information was available regarding the streamflow response function of Blue Gum and 

other native species. As a result, Jacobs adopted the same streamflow response function as MSEF for 

these vegetation types (Jacobs 2014). 

Subsequent investigations by Nolan et al. (2015) assessed recovery dynamics in disturbances which 

manifested in resprouting, and to a lesser degree, seedling recruitment vegetation. Changes in 

evapotranspiration (Et, mm/yr) were evaluated using both semi-empirical models and long-term flow 

(Q) records. Figure 2 presents the proposed recovery trajectories of total Et in forests burnt at a 

moderate and high severity fire that was produced under this investigation. 



 

 

 

Figure 2. Recovery trajectories of total evapotranspiration (Et) in a forest burnt at a moderate 

and high severity fire (Nolan et al. 2015). 

This trajectory differs from the assumptions for MSEF which were adopted by Jacobs in 2009 and 

2014. The two curves in Figure 2 show a recovery time for evapotranspiration and flow following 

wildfires of 8 – 12 years. This is a significant shift from the previous assumption of 150 years (see 

Figure 1). Furthermore, Figure 2 shows that the streamflow response of MSEF burnt under a high 

severity fire exhibits a net decrease in evapotranspiration relative to an unburnt forest until forest 

recovery. 

To model the catchment yield as part of this assessment in-line with the best available research, the 

streamflow response curve and post-fire response functions of MSEF adopted in RAFIS was revised 

to match the curves presented in Nolan et al. (2015). The trajectory of the streamflow response curves 

adopted are presented in Figure 3. The parameters for these revised curves was applied for other 

native and blue gum species and is presented in Table 2. While it’s understood that MSEF experiences 

recovery to a greater extent then previously understood, it has been assigned the regrowth category in 

RAFIS for the purposes of modelling. This forces the MSEF to follow the trajectory as outlined in 

Figure 3 and reach equilibrium within a few years. 

 

Figure 3. New streamflow response curve for MSEF using Watson parameterisation. 



 

 

Table 2. Watson parameters for new streamflow response function for MSEF. 

Parameter Units Description MSEF under high 

fire severity 

MSEF under 

moderate fire 

severity 

R mm/yr Associated rainfall 1283.50 1283.50 

Etp mm/yr Peak evapotranspiration -153.96 130.00 

Tp yr Time to peak evapotranspiration 1.42 0.80 

Etc mm/yr Climax evapotranspiration 72.22 446.00 

Tc yr Time to climax evapotranspiration 1.45 1.38 

Etd mm/yr Decline evapotranspiration -260.30 -315 

Td yr Time to decline evapotranspiration 2.42 1.30 

Etm mm/yr Minimum evapotranspiration -7.77 386.00 

Tnil yr Age of mature forest 16.00 10.00 

Figure 4 presents this streamflow response scaled for a mean annual rainfall of 2000 mm/year for 

direct comparison with Figure 1. 

 

Figure 4. New streamflow response functions for MSEF using Watson parameterisation and 

scaled for a mean annual rainfall of 2000 mm/year. 

Short-term recovery rates of MSEF are likely to be variable, dependent upon soil moisture stores both 

pre and post-fire and the new MSEF curves adopted in RAFIS for this investigation, present the most 

up-to-date understanding of the post-fire response of MSEF (P. Lane 2019, pers. comm., 12 August). 

MODEL INPUTS 

To assess the 2019 fire impact on the water yield for both the Thomson and Armstrong catchments, 

RAFIS was run using 3 different mean annual rainfall grids, with each representing a different climate 

scenario. Modelled scenarios included the post-1975 current climate baseline (baseline), and high 

climate change scenarios at both 2040 and 2065. 

This section describes both the preparation of the gridded and non-gridded parameterisation data 

inputs. This includes the catchment, mean annual rainfall, fire severity, vegetation type and vegetation 

age grids, as well as the post-fire assumptions and scenarios. 

 



 

 

Catchment grid 

RAFIS requires an underlying grid structure that represents the catchment of interest. Cells marked 

‘active’ define the catchments extent and region to be modelled. A cell resolution of 1000m2 was 

deemed appropriate for use for this assessment. The gridded catchment area was 479 km2 and 54 km2 

for the Thomson and Armstrong catchments respectively. 

Rainfall grid 

A single spatial pattern of mean annual rainfall is modelled in RAFIS over the duration of the 

modelling period. In-line with the modelling scenarios, 3 separate rainfall grids were prepared for 

each catchment. To derive the spatial pattern of mean annual rainfall for the baseline scenario, annual 

gridded AWAP data extending from January 1975 to December 2018 was sourced from the Bureau of 

Meteorology (BoM). From the AWAP data the average annual rainfall for each active grid cell was 

then derived. The rainfall grid for the climate change scenarios was then derived by factoring the 

mean annual rainfall at each grid cell of the baseline scenario in accordance with the DELWP (2016) 

guidelines. For the Thomson catchment, a reduction in mean annual rainfall of 10.62% and 19.94% 

was applied for the 2040 High and 2065 High scenarios respectively. For the Armstrong catchment, a 

reduction in mean annual rainfall of 10.54% and 20.58% was applied. 

The catchment average rainfalls for each scenario are presented in Table 3. 

Table 3. Scenario details 

Scenario Period Catchment average rainfall (mm/yr) 

Thomson Armstrong 

Post-1975 current climate baseline 1975 – 2018 1,285 1,442 

Climate change at 2040 (high) 1975 – 2018 1,149 1,290 

Climate change at 2065 (high) 1975 – 2018 1,029 1,145 

Fire severity 

RAFIS uses a fire severity grid to describe both the spatial extent and severity of the burn. Spatial data 

showing the fire extent and severity of the 2019 fires and other historical fires in the two catchments 

was sourced from DELWP’s Spatial Datamart (DELWP 2019). Each grid cell was then assigned a 

value from 1 – 3 or -99 in accordance with Table 4.  

Table 4. Fire severity classification adopted by RAFIS 

DELWP fire severity category RAFIS fire severity equivalent 

1 – Forest crown burn (most severe) 1 

2 – Forest crown scorch 2 

3 – Moderate crown scorch 3 

4 – Light or no crown scorch / understorey burn 3 

5 – No crown scorch / no understorey burn -99 

BURNT_1 1 

BURNT_2 2 

BURNT_2F 2 

BURNT_2P 2 

BURNT_3 3 

BURNT_FOREST 3[1] 

UNBURNT -99 



 

 

DELWP fire severity category RAFIS fire severity equivalent 

BURNT_UNKNOWN Ommited from analysis 

1 BURNT_FOREST was only observed in the Thomson catchment for the fire recorded on 10/04/2013. For the purposes of 

this investigation this fire was treated as non-severe though for future investigations it is advised that this category is 

considered on a case-by-case basis (K.S. Tan 2019, pers. comm., 15 March). 

In accordance with Table 5, historical fires with an assigned fire severity were modelled as part of this 

investigation to derive the age of the vegetation prior to 2009. As part of this investigation, it was 

recognised that fire severity information was unknown for many fires occurring earlier than 2006. 

Given that fire severity is linked to both the post-fire response and vegetation age, modelling could 

have overestimated the age of vegetation in grid cells which underwent one or more burn events. 

 Table 5. Summary of historical fires modelled to derive the 2019 pre-fire vegetation age 

Catchment Number of fires 

identified 

Number of fires 

modelled 

Years modelled[2] 

Thomson 55 14 2005; 2005; 2008; 2012; 2013; 2014; 

2016; 2017 

Armstrong 12 5 2009; 2012; 2013 

2 RAFIS runs on an annual timestep with a modelled fire assumed to occur at a simulation time of 0. The spatial distribution 

for years with multiple burn events was combined into a single fire severity grid, adopting the more severe classification of 

fire severity were relevant. 

To generate each fire severity grid, the catchment area burnt under RAFIS was determined and 

converted to an expected number of cells for each fire severity rating. For each category, the grid cells 

were ranked by descending area burnt for the given fire severity classification. Grid cells were then 

assigned to each fire severity based on higher ranking, up to the expected number of cells required for 

the given fire severity. Preference was given to more severe classifications to ensure the areas more 

severely burnt were better represented. 

Vegetation type 

RAFIS utilises a vegetation type grid to inform both the streamflow response curve and post-fire 

response functions which are to be assigned to a given grid cell. 

The Structural Vegetation (1995) spatial dataset was sourced from DELWP’s Spatial Datamart 

(DELWP 2019) and each grid cell assigned a RAFIS vegetation type in accordance with Table 6. 

Table 6 RAFIS classification for different vegetation species  

Species Community RAFIS vegetation 

Category Value 

Heath spp.  Grassland / Not a Tree 10 

Native grass and Forb spp. Grassland / Not a Tree 10 

Silver Wattle Other native 800 

Wattle Other native 800 

Alpine Ash Ash 100 

Red Stringybark Mixed eucalypt species (more fire tolerant) 300 

Shining Gum Mixed eucalypt species (more fire tolerant) 300 

Messmate Stringybark Mixed eucalypt species (more fire tolerant) 300 

Snow Gum Snow Gum 200 



 

 

Species Community RAFIS vegetation 

Category Value 

Mountain Ash Ash 100 

Silvertop Ash Ash 100 

Mixed Species Forest Mixed eucalypt species (more fire tolerant) 300 

Manna Gum Mixed eucalypt species (more fire tolerant) 300 

Myrtle Beech Other native 800 

As per the fire severity grids, a separate vegetation grid was produced for each modelled fire. This is 

because the new MSEF function (which was applied to all vegetation types assigned a value of 300, 

400, 500 and 800) is dependent upon fire severity which varies spatially from fire to fire. 

To generate each vegetation grid, the catchment area associated with each of the vegetation RAFIS 

categories was determined and converted to an expected number of cells. For each category, the grid 

cells were ranked by descending area for the given vegetation classification. Grid cells were then 

assigned to each vegetation type based on higher ranking, up to the expected number of cells required 

for the vegetation type. Preference was typically given to the rarer vegetation types to ensure all types 

were represented within the catchment. 

Table 7 presents a summary of the vegetation distribution in modelled catchments. 

Table 7. Proportion of vegetation (%) covering each catchment 

RAFIS Category Thomson Armstrong 

Grassland / Not a tree (10) 5.4% < 0.1% 

Ash (100) 25.1% 62.7% 

Snow Gum (200) 2.0% 0.3% 

MSEF (300 & 400) 67.5% 31.9% 

Other native (800) 0.1% 5.1% 

Vegetation age 

In accordance with both Jacobs (2014) and the new MSEF streamflow response function, the age of 

vegetation post-fire in a given grid cell is assumed dependent on the level of disturbance imposed by 

historical fires (i.e. fire severity), and also the post-fire response assumptions (as shown in Table 8) 

and scenarios.  

Table 8. Post-fire response assumptions adopted in current investigation 

Tree species Age (yr) Fire severity 

1 2 3 

Grassland / not a tree All ages Regrowth Regrowth Regrowth 

Ash All ages Regrowth Regrowth Recovery 

MSEF / Blue Gum / Other native All ages Regrowth Regrowth Regrowth 

As part of the current investigation, only regrowth and recovery scenarios were considered applicable 

and these definitions have been retained from Jacobs (2014). Regrowth indicates that the forest is 

expected to regrow as a completely new forest (i.e. it experiences 100% mortality). Forests which 

experience recovery are expected to regrow within a short period of time (typically 1 year) and 

effectively recover to a state similar to that prior to the fire (Jacobs 2014). 

According to Forest Fire Management Victoria (2017), the extent of the Black Friday wildfires in 



 

 

January 1939 completely covered each of the modelled catchments. For the purposes of this 

investigation it was therefore assumed that the vegetation in each catchment underwent complete 

regrowth (i.e. was age 0 immediately following the fire).  

RAFIS was run in succession for each of the modelled historic fires (see Table 5) to estimate the 2019 

pre-fire age. The age grid from each modelled scenario was exported and used as an input into the 

next scenario (e.g. the age of vegetation one year after the March 2005 fire was extracted and used as 

the pre-fire age grid input for the March 2006 run). For each catchment, a constant age equal to the 

difference in years between the first fire and the fire in January of 1939 was applied across the 

catchment, forming the initial pre-fire age input. For example, the first historical fire recorded in the 

Thomson catchment following Black Friday (January 1939) with a known fire severity was March of 

2005. Therefore, a constant age of 66 years was applied across the catchment. 

RESULTS AND DISCUSSION 

The sole variable modelled for each scenario for a given catchment (refer to Table 3) is the magnitude 

of mean annual rainfall applied to each grid cell. For these scenarios the spatial distribution of rainfall 

in each cell relative to all other cells is constant, and therefore these scenarios can be directly 

compared to better understand the impact of differing rainfall volumes on catchment yield following a 

fire. 

Figure 5 and 6 present timeseries plots of the RAFIS outputs for the baseline scenario for the 

modelled catchments. It is worth noting that the increase in yield in the ‘no-fire’ response is due to the 

regrowth of forest from those sections of the catchment that were affected by historical fires and 

therefore not yet at maturity. According to RAFIS results, the full increase in catchment yield (for 

both the no-fire and post-fire response) relative to the long-term average annual inflow for the 

Thomson catchment of about 12% will not be achieved until 2089 which is when the youngest Ash 

species reaches maturity (i.e. it is 150 years of age).  

 

Figure 5. Baseline timeseries of Thomson catchment yield relative to pre-fire 2019 



 

 

 

Figure 6. Baseline timeseries of Armstrong catchment yield relative to pre-fire 2019 

Table 9 summarises the average annual change in catchment yield for all scenarios relative to the pre-

fire 2019 levels. This is expressed in terms of the following response periods; short-term (0 – 9 years), 

medium-term (10 – 29 years), long-term (30 – 99 years) and full-term (0 – 200 years).  

Table 9. Percent change in average annual runoff relative to average annual inflows for each 

catchment from 1975 – 2018 (%) 

Scenario Response periods Thomson Armstrong 

Baseline 

(wettest scenario) 

Short-term 0.042% 5.4% 

Medium-term 0.007% -1.2% 

Long-term 0.000% -2.5% 

Full-term 0.003% -1.0% 

High climate change at 2040 Short-term 0.036% 4.6% 

Medium-term 0.006% -1.0% 

Long-term 0.000% -2.0% 

Full-term 0.002% -0.8% 

High climate change at 2065 

(driest scenario) 

Short-term 0.030% 3.8% 

Medium-term 0.005% -0.7% 

Long-term 0.000% -1.6% 

Full-term 0.002% -0.6% 

No change in yield was observed for the long-term response period in the Thomson catchment 

because all vegetation burnt under the 2019 fires in each of these catchments adhered to the new 

MSEF streamflow response and fully recovered to pre-fire conditions within 16 years of the fire. 

Burning of the ash species in the Armstrong catchment however results in a change in yield until 2169 

(150-years post fire) which coincides with the species reaching maturity. This demonstrates that 

MSEF recovers more quickly than a forest dominated with ash species and has less impact on 

catchment yield. 

A comparison of the different climate change scenarios found that increased rainfall exacerbates the 

effect on streamflow response, resulting in a greater increase and decrease in streamflow post-fire 



 

 

from the no-fire condition. This is in-line with Figure 7 which presents the streamflow response 

function for ash species, scaled to different thresholds of mean annual rainfall. Therefore, while less 

streamflow would be expected under future climate change, a fire would also result in a smaller 

impact on the volume of catchment runoff.  

 

Figure 7. RAFIS Streamflow response functions for ash species scaled for different thresholds of 

mean annual rainfall 

CONCLUSION 

This investigation focused on assessing the impact of bushfires in early 2019 on the long-term 

catchment yield in two of Melbourne’s water supply catchments. The annual catchment yield over a 

200-year period for the Thomson and Armstrong catchments, was modelled using RAFIS for 3 

different climate scenarios. A net increase in catchment runoff from the Thomson catchment is 

expected following the 2019 fire over both a short-term and long-term assessment period. This is 

largely the result of the streamflow response function and post-fire response assumptions pertaining to 

MSEF. For the Armstrong catchment, an initial increase in catchment runoff is expected due to a 

reduction in interception and evapotranspiration. Over the long-term however a net reduction in 

catchment runoff is expected and this is the result of an increased uptake of catchment runoff required 

for juvenile ash species to reach maturity (at approximately 150-years of age). Finally, this 

investigation found that catchment yield is sensitive to changes in mean annual rainfall, resulting in a 

greater increase and decrease in catchment streamflow post-fire from the no-fire condition. 
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