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Hack’s Law, Erosion, and Optimal Transport:
Developing Mathematical Models and
Computational Methods

ABSTRACT:

Hack's Law says that the length of the main river in a river
basin scales with the area of the river basin to the power 0.58,
thereby prompting speculation on whether there exist
optimality principles governing natural processes like channel
formation. Identification of such principles and their
continued mathematical development could lead to the
formulation of a theoretical framework which supports study
not only of fluvial landscape evolution, but other
geomorphological processes as well. Erosion is nature's
process of “moving dirt." In 1781, Monge initiated the theory
of optimal transport with the question, “Given a pile of sand
and a pit of equal volume, how can one optimally transport
the sand into the pit?" Building on earlier work by Birnir,
Merchant, Smith, Cattan, and Rowlett, we aim to extend
optimal transport theory to develop mathematical models
and computational methods for studying erosion. Via optimal
transport theory, we prove the existence of unique global
weak solutions to equations describing the sediment flow in
the evolution of fluvial land surfaces, with constant water
depth. While an earlier existence theory result by Birnir and
Landry demonstrates that the slopes, or gradients of the
surface, are moved optimally, our current work proves that
erosion does what Monge proposed: move sediment
optimally from the mountainside to the river. This is joint
work with Bjorn Birnir.

October 22, 2026
SSB 120

CONTACT:
Prof. Chrysoula Tsogka

ctsogka@ucmerced.edu

3:00-4:30pm

SPEAKER:

Dr. Therese Basa Landry

UC Santa Barbara
Biography:
Dr. Therese Basa Landry is a UC President's
Postdoctoral Fellow at the University of
California, Santa Barbara. Previously, she
was a Visiting Scholar at the Center for
Complex and Nonlinear Science at the
University of California, Santa Barbara. From
January 2022 through December 2025, Dr.
Landry was a Visiting Assistant Professor at
the University of California, Santa Barbara.
She was a Postdoctoral Fellow in the Non-
Commutative Optimal Transport Program at
the Institute for Pure and Applied
Mathematics (IPAM). She was also a
Postdoctoral Fellow in the Thematic Program
on Nonsmooth Riemannian and Lorentzian
Geometry at the Fields Institute, as well as
the Analysis and Geometry of Random
Spaces Program at the Mathematical
Sciences Research Institute (MSRI, now the
Simons Laufer Mathematical Sciences
Institute). Part of the funding for Dr. Landry's
fellowship at the Fields Institute was provided
by George Elliott's NSERC grant. Dr. Landry
earned a PhD in noncommutative fractal
geometry from the University of California,
Riverside, under the direction of Michel
Lapidus.
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	Geometric adjoint sensitivity analysis with applications to neural ODEs and PDE constrained optimization
	ABSTRACT:
	Adjoint systems are widely used to inform control, optimization, and design in systems described by ODEs or DAEs. At the level of PDEs, advection equations and mean field games also have the structure of adjoint systems, and all adjoint systems have a Hamiltonian structure. We utilize symplectic and presymplectic geometry to investigate the properties of adjoint systems associated with ODEs and DAEs, respectively. We show that the adjoint-variational quadratic conservation laws, which are critical to adjoint sensitivity analysis, arise from (pre)symplecticity of such adjoint systems. We develop structure-preserving numerical methods for such systems using Galerkin Hamiltonian variational integrators which admit discrete analogues of these quadratic conservation laws. This can be used to train neural networks arising from time-discretizations of neural ODEs, even ones based on implicit-in-time discretization. Finally, we investigate the geometric structure of adjoint systems associated with evolutionary partial differential equations at the fully continuous, semi-discrete, and fully discrete levels and the relations between these levels. We show that the adjoint system associated with an evolutionary PDE has an infinite-dimensional Hamiltonian structure, which is useful for connecting the fully continuous, semi-discrete, and fully discrete levels.
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	Electrical impedance tomography for pediatric lung imaging
	ABSTRACT:
	Electrical impedance tomography (EIT) is a relatively new medical imaging technique in which electric fields are used to form real-time images of organ function and structure. It is particularly suitable for imaging children since it does not impart ionizing radiation. To form these images, it is necessary to solve a severely ill-posed inverse problem with computational efficiency. This talk will provide an introduction to EIT and the state-of-the art for pulmonary imaging. Direct (non-iterative) and iterative reconstruction methods, including the D-bar method, a direct reconstruction algorithm based on techniques of inverse scattering, will be presented. Results from data collected on pediatric patients at Children's Hospital Colorado will demonstrate its potential for monitoring infants in the NICU and children with congenital heart disease.
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	Teamrat A. Ghezzehei is Professor of Soil and Environmental Physics at the University of California, Merced. His research sits at the intersection of soil physics, bio-geochemistry, and computational modeling, with a focus on the mathematics of water movement through structured, heterogeneous media. His recent work develops physics-informed neural networks for soil hydraulic modeling, machine learning frameworks for property prediction from sparse and indirect observations, and data-driven approaches to precision irrigation and evapotranspiration forecasting. He has been on the faculty at UC Merced since 2009. He is a Fellow of the Soil Science Society of America and serves as Technical Editor of its flagship journal. https://soilphysics.ucmerced.edu]
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	Learning to Advect: A Neural Semi-Lagrangian Architecture for Weather Forecasting
	ABSTRACT:
	Recent machine-learning approaches to weather forecasting often employ a monolithic architecture, where distinct physical mechanisms are represented implicitly within a single large neural network. This representation is particularly problematic for advection, where long-range transport must be treated with expensive global interaction mechanisms or through deep, stacked convolutional layers. To mitigate this, we present PARADIS, a physics-inspired global weather prediction model that imposes inductive biases on network behavior through a functional decomposition into advection, diffusion, and reaction blocks acting on latent variables. We implement advection through a Neural Semi-Lagrangian operator that performs trajectory-based transport via differentiable interpolation on the sphere, enabling end-to-end learning of both the latent modes to be transported and their characteristic trajectories. Diffusion-like processes are modeled through depthwise-separable spatial mixing, while local source terms and vertical interactions are modeled via pointwise channel interactions, enabling operator-level physical structure. PARADIS provides state-of-the-art forecast skill at a fraction of the training cost.
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	Biography:
	Stéphane Gaudreault is a research manager and Head of the Scientific Machine Learning Research Group at Environment and Climate Change Canada. He leads a team dedicated to developing next-generation weather prediction models. His research sits at the intersection of numerical analysis, high-performance scientific computing, and machine learning. He holds a master’s degree in applied mathematics from Polytechnique Montréal and a bachelor’s degree in computer science from Université de Montréal. He is also a visiting research fellow at the University of Leeds, as well as a professional affiliate of the University of Saskatchewan and the University of California, Merced.


	March 17, 2026
	1:30 - 2:45pm

	SSB 130
	CONTACT:
	Prof. Mayya Tokman
	mtokman@ucmerced.edu


	APPLIED MATHEMATICS COLLOQUIUM
	Can AI Truly Forget? A Mathematical Framework for Machine Unlearning
	ABSTRACT:
	KEYNOTE SPEAKER:
	THOMAS STROHMER
	UC DAVIS
	Biography:
	Thomas Strohmer is Professor of Mathematics at the University of California, Davis. His research interests are in data science, AI, applied harmonic analysis, signal- and image processing, and mathematics of information. He got his Ph.D. in Mathematics from the University of Vienna, Austria. He spent one year as Erwin-Schroedinger fellow at the Department of Statistics at Stanford University in 1997 before joining the University of California, Davis in 1998. His awards include the 2013 IEEE Signal Processing Society Best Paper Award, the 2014 SIAM Outstanding Paper Prize, and the 2014 SIAM Digest Award. Dr. Strohmer is on the editorial board of several journals. He also serves as consultant to industry in the areas of data science, AI, medicine, communications engineering, and image processing.
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	ABSTRACT:
	This talk presents a theory-driven view of AI for Science, focusing on how stability, error propagation, and scaling constrain learning in real physical systems. I will show how ideas from dynamical systems, random matrix theory, statistical physics, and spectral theory explain failure modes of large machine-learning models under long-time integration, and how autoregressive error scales with model size, compute, and prediction horizon. These insights yield diagnostics that predict long-term reliability without ground-truth labels and motivate scaling laws beyond brute-force parameter increase. The framework is illustrated on turbulence, ocean, and climate models, arguing that theory-guided scaling is essential for building trustworthy scientific machine learning.
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