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Abstract: Deep learning has transformed rainfall-runoff modeling, yet large-scale hydrological
simulations still commonly separate learned runoff generation from externally prescribed river
routing. This separation limits the ability to train hydrological systems end to end from
streamflow observations and to learn physically consistent dynamics across river networks.
In this seminar, | will present DiffRoute, a differentiable river-routing framework that
reformulates classical linear time-invariant routing schemes as a combination of transitive
closure and block-sparse convolution operators. By exploiting the graph structure of river
networks, DiffRoute enables GPU-accelerated routing, automatic differentiation, and
seamless integration into modern deep-learning pipelines. | will show how classical routing
concepts such as impulse response functions, Muskingum routing, Nash cascades, and
diffusive-wave approximations can be expressed within a unified computational framework.
The talk will then demonstrate the scalability and accuracy of this approach, including
national-scale end-to-end learning of river discharge simulations and global scale routing
parameter estimation. Finally, we will discuss key limitations of the proposed approach, and
more broadly, remaining challenges in learning hydrological dynamics from sparse and noisy

observations.
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