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Knowing river flows in space and time is fundamental for several hydrological and environmental

applications. One of the greatest challenges in hydrology, however, is having this information at

every river stretch, as we can only focus our resources in obtaining measurement at particular

sites. Several research initiatives have been developed over the next years to address this

problem, a notorious one being the prediction in ungauged basins (PUB) by the International

Association of Hydrological Sciences (IAHS).

One of the most used approaches for PUB is using catchment descriptors – such as elevation,

slope, land cover, and soil types – in statistical (data-driven) models to estimate hydrological

signatures – such as mean annual streamflow, flow-duration curves, and high/low flows. There is a

wide range of statistical methods that can be used in this regard, either by grouping catchments of

similar characteristics and applying regression equations, using geospatial interpolation

techniques, among others. In recent years, regression techniques based on Machine Learning (ML)

approaches have been extensively developed, presenting great results in all areas of knowledge.

In hydrological sciences, particularly for PUB, the potential of using these techniques is enormous,

and yet, they have not been much explored.

In this context, we’ve built a ML regression modelling pipeline to estimate mean annual flows and

low flows, and tested it in several different catchments covering the whole of Brazil, using different

models to compare the results. The pipeline consists in (1) collecting environmental data for the

catchments, (2) selecting the best descriptors, (3) tunning the hyperparameters of the ML model,

(4) evaluating the performance of the model, (5) computing the importance of the predictors, and

(6) assessing the uncertainty of the estimations. Also, the pipeline is model-independent, i.e., it can

be applied to any ML regression model.

We evaluated results against consistent streamflow data from 1069 gauges spread across the

country that cover distinct characteristics, using 100-fold cross validation, obtaining R

2

scores of

~0.8 for mean annual flows and ~0.7 for low flows, for all ML models except multiple linear

regression, which didn’t present good results. Average and low precipitations were the main

drivers for predicting both flow variables, although using these alone didn’t yield in good metrics.

Other important predictors were linked to soil types, land cover, wetlands, and drainage density.

We extrapolated the results to all catchments in Brazil, along with uncertainty estimations.
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