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ABSTRACT 

A common approach to generating streamflow forecasts is to run climate forecasts through an 

initialised hydrologic model. The development of a hydrologic model fit for this purpose often 

entails calibrating and validating the model on historical data. Bushfires can significantly 

change catchment rainfall-runoff characteristics, which can lead to suboptimal model 

calibration. As fire alters the forest canopy, plant density and land surface characteristics, it 

can change the proportion of precipitation reaching the ground, and water infiltration and 

evaporation rates. Thus, an understanding of the effects of bushfire on runoff is essential for 

hydrologic model development. Here, we show how the 2009 Black Saturday bushfires caused 

a near complete removal of the vegetation in the Sunday Creek catchment in Victoria and how 

this led to a rise in the catchment runoff coefficient to unusually high levels. We also show the 

recovery of the post-bushfire vegetation and runoff coefficient to historical ranges by 2016. To 

show the effects of the post-bushfire period of anomalous runoff behaviour on the development 

of a hydrologic model of the Sunday Creek catchment, we run a series of calibration-validation 

experiments. The results show that for maximum model predictive skill in normal times 

unaffected by bushfire, it advantageous to remove the 2009-2015 post-bushfire period of 

anomalous behaviour from the calibration data. Though, we find that even without removing 

the post-bushfire period from the calibration, the hydrologic model still capable of producing 

skilful predictions that are more accurate than the observed mean. The results have 

implications for streamflow forecasting. As bushfire affected data can impair hydrologic model 

calibration, it can also impair hydrologic model-based streamflow forecasting. Therefore, for 

maximum streamflow forecast skill, it is best to pre-process the data for calibrating the 

underlying hydrologic model to remove any anomalies due to bushfire and other effects.  

INTRODUCTION 

A common approach to generating streamflow forecasts is to run climate forecasts through an initialised 

hydrologic model (Bennett et al., 2017, 2016; Perraud et al., 2015). The development of a hydrologic 

model fit for this purpose often entails calibrating and validating the model on historical data. However, 



bushfires can significantly change catchment rainfall-runoff characteristics, which can lead to 

suboptimal model calibration. Fire alters the forest canopy and plant density. It also affects the chemical, 

physical and biological properties of soil (Fitzpatrick et al., 2014; DeBano, 2000; Certini, 2005). These 
can cause major modifications to the proportion of precipitation reaching the ground, and to water 

infiltration and evaporation rates. Thus, an understanding of the effects of bushfire on runoff is essential 

for hydrologic model development. 

Kuczera (1987) and Langford (1987) reported declines in the annual streamflow yields of mountain ash 

eucalypt forested catchments following the 1939 fire near Melbourne. The declines were primarily due 

to increased transpiration with regrowth of the eucalypt forests. The declines were observed to start at 
years 3-5 after the fire and to peak at years 15-20. Zhou et al. (2015) however, found the streamflows of 

three Victorian catchments to substantially increase after 1983 bushfires due to reduced 

evapotranspiration and soil infiltration rates. Brown (1972) also found the runoff from two catchments 

in New South Wales to increase after a fire and in addition, the hydrology of the catchments to have 
seemingly recovered to pre-fire conditions after 4-5 years. The relationship between streamflow and 

bushfire is complex. Differences in the species mix, fire severity and forest age (Feikema et al., 2013; 

Hill et al., 2008) lead to different responses in different catchments. Also, different flow percentiles of 
the same catchment can show different behaviours depending on the catchment hydrology (Andreassian 

and Trinquet, 2009).  

In this paper, we show how the 2009 Black Saturday bushfires caused a near complete removal of the 
vegetation in the Sunday Creek catchment (Figure 1), a forested catchment in the Goulburn River Basin, 

Victoria, and how removal of the vegetation led to a rise in the catchment runoff coefficient to unusually 

high levels. We will also show the recovery of the post-bushfire vegetation and runoff coefficient to 

historical ranges by 2016. Finally, we show the effects of the post-bushfire period of anomalous runoff 
behaviour on the development of a hydrologic model of the Sunday Creek catchment and discuss the 

ensuing implications for streamflow forecasting.  

 

 
 

Figure 1. The Sunday Creek catchment 

 

METHODS 

To view the effects of the 2009 Black Saturday bushfires on the vegetation in the Sunday Creek 
catchment, we refer to extracts of the Fractional Cover gridded product (Lymburner et al., 2014) derived 

from Landsat satellite images. We obtain the extracts from J. Guerschman (personal communication, 30 

October 2019). 

To estimate the effects of the Black Saturday bushfires on the streamflow yield of the Sunday Creek 

catchment, we compute the catchment runoff coefficient and its change with time. We compute the 



runoff coefficient as the ratio of the trailing 12-month average catchment outflow to its trailing 12-month 

average rainfall. For this, we use: (i) historical flow data from Water Data Online (available for June 

2007 onwards) supplemented by local diversion and Resource Allocation Model (REALM) data 
supplied by Goulburn Valley Water, the local water agency and (ii) historical rainfall data obtained by 

simple area-weighted averaging of gridded data from the Australian Water Availability Project (AWAP) 

(Jones et al., 2009).  

To estimate the effects of the post-bushfire period of anomalous runoff behaviour on hydrologic model 

development, we calibrate and validate a hydrologic model of the Sunday Creek catchment. The model 

comprises the monthly GR2M rainfall-runoff model (Mouelhi et al., 2006; Bennett et al., 2017) and the 
three-stage error model in Bennett et al. (2017) and Bennett et al. (2016). The error model stages are: (i) 

a transformation to ensure that the data are homoscedastic, (ii) a bias-correction module to reduce bias 

and (iii) an autoregressive model to improve the model accuracy. We calibrate the models in four ways, 

differentiated by the calibration data and if the rainfall-runoff model and the transformation component 
of the error model are calibrated jointly or sequentially. Table 1 summarises the four calibration 

approaches.  

 

Table 1. Four approaches to hydrologic model calibration considered in this study 
 

Approach Data Joint/sequential calibration 

A1 All available data Joint 

A2 All available data Sequential 

B1 Subset of data Joint 

B2 Subset of data Sequential 

 

Under Approaches A1 and A2, we calibrate the hydrologic model on all available flow data from 1980 

to 2019, obtained as per above. Under Approaches B1 and B2, we calibrate the model on a subset of the 

data excluding the period of anomalous runoff behaviour post the Black Saturday bushfires as informed 
by the catchment runoff coefficient. Under Approaches A1 and B1, we calibrate the rainfall-runoff 

model and the transformation component of the error model jointly, while under Approaches A2 and B2 

we first fit the transformation to the observed data, then calibrate the rainfall-runoff model. Under all 
four approaches, we calibrate the bias-correction module of the error model after the transformation 

component and rainfall-runoff model, and the autoregressive model last.  

In each case, we adopt the warmup period 1970-1979 and follow a buffered leave-one-year-out cross-

validation procedure with a four-year buffer. In all cases, the calibration is by maximum likelihood 
estimation (MLE) (Bennett et al., 2016) with shuffled complex evolution (Duan et al., 1994). 

To evaluate the model performance, we measure its cross-validation fit using the Nash-Sutcliffe 

efficiency (NSE) (Nash and Sutcliffe, 1970). The NSE ranges between -∞ and 1. An NSE of 1 means a 
perfect model performance, while an NSE less than 0 means an unsatisfactory performance with the 

observed mean being a better predictor than the model. Under all four calibration approaches (Table 1), 

we calculate the NSE on a subset of all the available flow data from 1980 to 2019 excluding the period 
of anomalous runoff behaviour following the Black Saturday bushfires. This is to represent the 

predictive skill of the model during ‘normal’ times when bushfire effects are absent or minimal.  

RESULTS AND DISCUSSION 

Figure 2 shows the effects of the Black Saturday bushfires on the fraction of vegetative cover over the 
Sunday Creek catchment. As expected, due to the bushfires, there was a sudden drastic drop in the 

vegetative cover in February 2009, to zero, which indicates a complete or near complete removal of the 

vegetation.  

 



 
 

Figure 2. Fraction of vegetative cover over the Sunday Creek catchment; the Black 

Saturday bushfires caused a near complete removal of the vegetation in the catchment 

 

Removal of the vegetation affected the catchment hydrology. Figure 3 shows the change in the 

catchment runoff coefficient with time. As the figure shows, removal of the vegetation caused the runoff 
coefficient to rise to unusually high levels, far above historical norms. This is consistent with theoretical 

expectations. Reduced vegetation leads to reduced evapotranspiration and soil infiltration, thus 

increased runoff (Zhou et al., 2015).  

 

 
 

Figure 3. Change in the Sunday Creek runoff coefficient with time; the unusually large 

rise in the runoff coefficient circa 2010 is due to the Black Saturday bushfires from 

February–March 2009 

 

From both Figures 2 and 3, we observe the post-bushfire vegetation and runoff coefficient to recover to 

historical ranges by 2016. We can therefore view the period 2009–2015 as anomalous. It should be noted 

though, that while the catchment runoff coefficient has recovered to historical norms for now, it cannot 

be known with certainty its future behaviour. The effects of bushfires on runoff can span decades and 
can differ for different catchments depending on the vegetation type (Kuczera, 1987; Langford, 1987; 

Feikema et al., 2013; Hill et al., 2008; Brown, 1972, Zhou et al., 2015).  

Table 2 presents the effects of the 2009-2015 period after the Black Saturday bushfires of anomalous 
runoff behaviour on the calibration of the hydrologic model of the Sunday Creek catchment developed. 

Specifically, the table gives the cross-validation performance of the hydrologic model when calibrated 

following Approaches A1-2 and B1-2 in Table 1. The results are in terms of the NSE calculated on a 
subset of the available cross-validated flow data excluding the 2009-2015 post-bushfire period. As the 

results show, the model performs best when calibrated according to Approaches B1-2. This indicates 

that for maximum model predictive skill in normal times unaffected by bushfire, it is advantageous to 

remove the 2009-2015 post-bushfire period of anomalous behaviour from the calibration data.  

 



Table 2. Cross-validation performance of the hydrologic model of 

the Sunday Creek catchment developed, in terms of the NSE, when 

calibrated following the four calibration approaches in Table 1 
 

Approach NSE 

A1 0.57 

A2 0.39 

B1 0.62 

B2 0.63 

 

The NSE values from Approaches A1-2 (Table 2) show that, even without removing the bushfire 
affected data from the calibration, the Sunday Creek hydrologic model is still capable of producing 

skilful predictions that are more accurate than the observed mean. Further, the results suggest that when 

calibrating the model, it is better to calibrate the rainfall-runoff model and transformation component of 
the error model jointly (Approach A1), rather than sequentially (Approach A2), when the calibration 

data include the 2009-2015 anomalous period. This can be seen from Approach A1’s higher NSE value 

as compared to Approach A2’s. This may be because joint estimation is better able to satisfy the 

assumption of Gaussian residuals in the MLE; however without further investigation this explanation is 
speculative. It is also unclear if this behaviour can be generalised to other hydrologic models and other 

calibration-validation data.  

Figure 4 gives a graphical comparison between the cross-validated predictions of the Sunday Creek 
hydrologic model when calibrated following Approaches A1 and B1. (For brevity, we leave out the 

results from Approaches A2 and B2.). As shown, when calibrated under Approach A1, the model tends 

to predict a higher flow than under Approach B1. This is as expected due to the higher than normal 
observed flow during the 2009-2015 post-bushfire period included in the model calibration under 

Approach A1 (but not under Approach B1), and explains Approach A1’s poorer NSE.  

 

 
 

Figure 4. Comparison between the cross-validated predictions of the Sunday Creek hydrologic 

model developed when calibrated following Approach A1 and when following Approach B1  

 

Further, from Figure 4, we find the Sunday Creek hydrologic model to generally underestimate the flow 

during the 2009-2015 post-bushfire period. This is true even when the model is calibrated following 

Approach A1 that includes the said period in the model calibration, and especially true when the model 

is calibrated following Approach B1 that excludes the said period from the calibration. Again, the results 
are as expected as the model has no mechanism to explicitly consider bushfire effects and thus limited 

means to capture the changed runoff behaviour of the Sunday Creek catchment post-fire.  



The results have implications for streamflow forecasting, which commonly rely on running climate 

predictions through a hydrologic model (Bennett et al., 2017, 2016; Perraud et al., 2015). As shown by 

Shi et al. (2008), a poorly calibrated model can increase the forecast bias. Thus, we can conclude that as 
bushfire affected data can impair model calibration (Table 2), it can also impair hydrologic model-based 

streamflow forecasting. Therefore, for maximum streamflow forecast skill in normal times unaffected 

by bushfire, it is best to pre-process the data for calibrating the underlying hydrologic model to remove 
any anomalies due to bushfire and other effects. Alternatively, it may be necessary to employ a more 

sophisticated hydrologic model capable of accounting for the effects of bushfire and thus suitable for 

use at all times including immediately post-fire. 

SUMMARY AND CONCLUSIONS 

In this study, we observe how the 2009 Black Saturday bushfires caused a near complete removal of the 

vegetation in the Sunday Creek catchment in Victoria and how this caused the catchment runoff 

coefficient to rise to unusual heights from 2009 to 2015. To show the effects of the post-bushfire 
anomalous runoff behaviour on the development of a hydrologic model of the Sunday Creek catchment, 

we run a series of calibration and validation experiments. As the results show, for maximum model 

predictive skill in normal times unaffected by bushfire, it is advantageous to remove the 2009-2015 post-
bushfire period of anomalous behaviour from the calibration data. Though, we find that even without 

removing the anomalous period from the calibration, the hydrologic model still capable of producing 

skilful predictions that are more accurate than the observed mean. 

The results have implications for streamflow forecasting, which commonly rely on running climate 

predictions through a hydrologic model (Bennett et al., 2017, 2016; Perraud et al., 2015). As bushfire 

affected data can impair hydrologic model calibration, it can also impair hydrologic model-based 

streamflow forecasting. Therefore, for maximum streamflow forecast skill in normal times unaffected 
by bushfire, it is best to pre-process the data for calibrating the underlying hydrologic model to remove 

any anomalies due to bushfire and other effects. Alternatively, it may be necessary to employ a more 

sophisticated hydrologic model capable of accounting for the effects of bushfire and thus suitable for 
use at all times including immediately post-fire.  
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