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Context of Large Scale Hydrological Modeling
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CTRIP-HyDAS Framework
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Global Gains from Assimilation: Al Under 40% Error

Verma et al. (2025)
(under review)
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Figure. Global Al over the period 2000-2004, illustrating the performance of assimilation compared to the open-loop simulation. Positive (blue) values indicate regions where
assimilation outperformed the open-loop, while negative (red) values highlight areas where assimilation underperformed. The dark orange point represents the outlet locations of the

basin (a) Amazon, (b) Congo, (c) Ganges, (d) Indus, (e) Mississippi, and (f) Reka.
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How Localization Helps: From Noise to Coherence
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Figure. Impact of localization and SWOT observations on filtering random observation
errors. Panels show (a) river elevation, (b) river discharge, and (c) Al along a
longitudinal river profile. In (a), river elevation provides topographic context.

In (b), the reference discharge (blue) and open-loop simulation (green) display smooth
hydrological behavior, while SWOT observations (orange) exhibit high-frequency
noise. Assimilation without localization (red dashed) overfits to these noisy
observations, introducing spurious fluctuations. In contrast, assimilation with
localization (solid red) suppresses these errors and restores physical consistency.

Panel (c) shows that localization also improves the spatial coherence of Al along the
river profile. This demonstrates how localization, in combination with SWOT’s wide-
swath observational coverage, strengthens assimilation robustness by mitigating the
influence of random observation noise.



Translating SWOT data into Gridded River Network of Hydrological Model

Verma et al. (2025)
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Figure: Conceptual overview of the SWORD-CTRIP mapping pipeline. (Left) SWOT reaches are stored as vector objects in the SWORD database, while CTRIP uses a gridded river-routing
structure, creating a structural mismatch that complicates direct alignment. (Center) The mapping workflow (Phases A-B) identifies candidate reaches for each CTRIP pixel, applies multi-metric
filters and scoring, and classifies the final assignment into one of four confidence tiers: Tier 1 (Single), Tier 2 (Scored), Tier 3 (Fallback), or Tier 4 (Unassigned). Within Tier 2, scored assignments
are further refined by confidence score (high, medium, low) to capture quality variation across multi-reach cases. (Right) The resulting reach-to-pixel assignments, color-coded by tier, are
exported in standardized formats (CSV, NetCDF, shapefiles) for direct integration into SWOT assimilation workflows such as CTRIP-HyDAS.



Translating SWOT data into Gridded River Network of Hydrological Model

Interactive Reassignment Filter - Pfaf 13
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Translating SWOT data into Gridded River Network of Hydrological Model

SWORD-MERIT Matching (Ghost Reach Removal) - Pfaf 13
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Work in Progress: CTRIP-HyDAS for SWOT WSE anomalies

SWOT variables: SWOT_L2 HR_RiverSP_reach_ 2.0
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Conclusions from the controlled CTRIP-HyDAS

First full-scale discharge assimilation framework at SWOT-native resolution (1/12°).
Provides spatially coherent improvements across both observed and ungauged basins.
Uses a physics-based localization strategy, robust to observation sparsity and noise.
Improves mean, peak, and low-flow predictions across diverse global basins.

Balances computational cost and environmental impact by optimizing ensemble size.
Sets the stage for real SWOT data assimilation at the global scale.

What Next!!

Open questions for us and community

What should we prioritize for assimilation:

« WSE?

« Discharge?

* Anomalies?

 Oracombination?

How do we best characterize SWOT uncertainty?

 Is current% error still realistic in light of recent findings?

« Should we double uncertainty for robustness?

How do we handle reach-scale variability and dark water?
« What are the best strategies for flag filtering and quality control?

O 00000



Why This Matters: The Future of Global SWOT Assimilation

First full-scale discharge assimilation at SWOT scale
Enhances forecasts for ungauged and regulated basins

Supports freshwater prediction in climate-vulnerable
regions

MLake recently developed to represent water balance within
natural lakes

Global scale extraction of lakes (localization, area) from
ECOCLIMAP-II (1 km resolution)

Calibration of a Gaussian shape for bathymetry
Clipping of lake mask over the CTRIP-12D river network

DROP (Dam-Reservoir OPeration) model

Reservoir management and dam releases
Hydropower, Irrigation, Low-flow sustainability, Flood control

Assimilation of satellite observations (SWOT)
Characterization of reservoirs (filling curve)
Model parameter calibration (operation rules)
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