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Differentiable Modeling (DM)

Å Genre of physics-informed ML
Å NNs + process-based models

Å Learn: parameters (dPL), missing 
processes, correction factors

Å Why DM?
Å Data driven response, with 

interpretability

Å Indirect supervision

Å GPU-accelerated parallelism

Å Generalization and extrapolation
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Use NN to replace any 

physical module

Forward

Backpropagation

HBV



Differentiable Modeling (DM)

4Song et al., 2026Tsai et al., 2021

Spatial Coherence Extrapolation

Viability



ÅR2O

ÅNextGen, NextGen In A Box; BMI

ÅRFCs; Delft-FEWS

ÅCentralization

ÅLumped Ą Distributed

ÅMultimodeling
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NWM v3.0

Motivations for a Framework



6

Not Another Sandbox



Introducing a Standard
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LƴǘǊƻŘǳŎƛƴƎ ŀ {ǘŀƴŘŀǊŘΥ ʵaD
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ÅLightweight and embarrassingly modular
ÅExtensible; scales to new modeling capabilities + paradigms
ÅUniversal model wrapping for R2O
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ÅDaily & hourly, distributed rainfall-runoff modeling on MERIT/HydroFabric
ÅSeamless simulations; 800,000 catchments
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Like Dunes in the Wind

Song et al., 2025

IƻǳǊƭȅ όa¢{ύ ʵI.±нΦл ς NSE (median 0.71)2018 Central Texas Flood Event

- Continental



ÅGlobal-scale, daily, distributed rainfall-runoff modeling on MERIT
ÅSeamless simulations; 2.94 million catchments
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Like Dunes in the Wind

Ji et al., 2025



ÅHigh-fidelity, sensitivity-aware surrogates:  >10x training speedup
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Like Dunes in the Wind

Lonzarich et al., 2026 [Nearly not in prep]



ÅNaïve + intelligent DM multimodel ensembles
ÅMixture of Experts
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Like Dunes in the Wind

Li et al., 2025; Lonzarich et al., 2026 [Also nearly not in prep]



ÅFoundation models 
ÅRemote-sensing, meteorology, gages, static features

ÅVariational data assimilation

ÅNew kernel design: 
Å>300x training speedup for lumped models

Å>5x for distributed

ÅMore models; ecosystem, LSMs
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Like Dunes in the Wind
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Escaping the Lab
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Å Integration with NextGen, NextGen In A Box (NGIAB), Delft-FEWS 

ÅEliminate model-specific interfaces 
Å Warm start
Å Batch Ą sequential runtime

From Research to Operations
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Multiscale Hydrology, Processes and Intelligence Group (MHPI)

See the framework

Thank you,

More from MHPI


