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Abstract

Thirty years have passed since we published a modern (generation 2B) land surface model (LSM), VI
(Liang et al., 1994). During this time, rapid advances in ecology, biology, hydrology, and atmospheric
sciences have expanded our understanding of many critical physiological, physical, and hydrological
processes. It is an exciting time for researchers - not only to study the exchanges of energy, water,
and momentum across the land-atmosphere interface, but also to investigate how ecosystems
respond to the atmospheric conditions through the cycling of water, energy and carbon within the
soil-plant-atmosphere continuum.

In this talk, | will briefly review how a modern LSM was developed, what enhancements have been
introduced over time, and what today's LSMs encompass. Current efforts to incorporate new
scientific understanding have improved the completeness of LSM representations of water, energy,
carbon, and nitrogen interactions. However, these advances have also increased the complexity,
often introducing unconstrained parameters that degrade model performance in practice. To
address this, | will present a two-fold approach to mitigating the equifinality problem.

As our modeling goals become more ambitious, new challenges are emerging, including cross-
disciplinary model integration and scaling models across platforms for broader applications.
Addressing these challenges requires a holistic, collaborative approach.

To support this shift, we must embrace a new paradigm. We have been developing Cyberwater, a
cyberinfrastructure platform that unites data and models to facilitate exploration, evaluation, model
coupling, and collaboration. CyberWater (https://cyber-water.luddy.indianapolis.iu.edu/ )
significantly lowers technical barriers and enables researchers, small teams, and students to
conduct complex, hypothesis-driven studies that bridge disciplines through integrated data and
models.
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Dr. Liang has been instrumental in the initial and subsequent development of the VIC land surface
model and the VIC+ model. She currently leads the NSF funded multi-institutional, interdisciplinary
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