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[bookmark: _Toc162958477]Site selection process
The selection of 1131 streamflow gauging stations mentioned in section 3 of the paper is based the height following criteria:
1. The catchment area drained at the gauging station site must range between 5 and 200,000 km2. Catchments smaller than 5 km2 are excluded due to their low relevance in terms of riverine flooding. Catchments larger than 200,000 km2 are generally highly influenced by a range of anthropogenic activities such as artificial reservoir or irrigation, and hence do not represent an unimpaired flood regime. 
2. The maximum streamflow gauging at the site (i.e. joint observation of water level and streamflow) must exceed the maximum streamflow divided by a factor of 20. This threshold eliminates stations for which the rating curve used to convert water level to streamflow is derived from gaugings that are limited to low flow regimes. The factor of 20 is chosen is agreement with previous studies on flood records in Australia1,2. This factor, which could be considered as high, is a compromise between data accuracy (which would favour lower factors, hence more high flow gaugings) and data availability in many parts of Australia (which is limited when considering low factor is low). Many sites in Australia are not easily accessible, hence limiting the possibility to collect extensive sets of gauging points.
3. The mean annual runoff coefficient, computed as the ratio between the mean annual streamflow by the mean annual rainfall, must be lower than 0.99. This criterion ensures that catchment water balance remains conservative (mean annual streamflow remains lower than mean annual rainfall).
4. The runoff coefficient must also be greater than half of the inverse of aridity index. This index is computed as the ratio between mean annual rainfall and evapotranspiration derived via the Penman equation within the AWRA landscape model3. Theoretically, runoff coefficient lower than the inverse of the aridity index implies that actual evapotranspiration is greater than potential evapotranspiration, which is physically impossible. However, estimation of potential evapotranspiration is associated with large uncertainty, hence the allowance for a lower threshold of 0.5 times the inverse of the aridity index.
5. The sum of storage capacities of reservoir located within the catchment must remain lower than 10% of mean annual streamflow at the site. This criterion ensures that the impact of artificial storages on flood regime remains limited.
6. The streamflow record duration at the site must exceed ten years. Note that a more stringent is adopted for the selection of flood events as indicated in the next section.
7. The proportion of urban areas within the catchment must be lower than 10% of the total area.
8. The site must not be located on an artificial channel such as a canal or drain.  
Complementary results for the surprise index
This section presents figures similar to Figure 4 of the paper using different probability model and Bayesian inference assumptions:
· Figure 1 shows the surprise index values using the Log Pearson 3 probability distribution instead of the GEV distribution.
· Figure 2 shows the surprise index values using the GEV distribution and a censoring threshold set to the 20% percentile of observed values (i.e. left censoring the lowest 20% of observed data for the computation of the likelihood function).
 [image: ]
[bookmark: _Ref162964111]Figure 1: Surprise index using the Log-Pearson3 distribution and no censoring threshold
[image: ]
[bookmark: _Ref184195688]Figure 2: Surprise index using the GEV distribution and 20th percentile censoring threshold
[bookmark: _Toc162958484]
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