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Abstract

Increasingly variable climatic conditions demand monitoring approaches that capture both expansive
water trends and localized details. This work introduces a multi-sensor strategy that combines satel-
lite observations with an in-situ rover to enhance water budget forecasts and decision-making. Remote
sensing inputs include multi-spectral reflectance from Landsat-8/9 and Sentinel-2 for vegetation indices
and land surface mapping, thermal infrared data from Landsat TIRS for evapotranspiration estimates,
radar backscatter from Sentinel-1 to discern soil moisture and inundation, and GRACE-FO measure-
ments reflecting large-scale terrestrial water storage changes. Before assimilation, each dataset undergoes
radiometric correction, cloud masking, and spatial alignment within a uniform grid system.

On the ground, an in-situ rover supports fine-scale data collection along shorelines, riverbanks, and
other hydrologically active zones. Outfitted with an RPLIDAR A3 scanner that generates dense point
clouds of nearshore terrain, it also employs a RealSense D435i depth camera to examine water surface
flow patterns. Coupled with inertial measurements and GPS positioning, the rover’s surveys yield precise,
localized insights into conditions that satellites may partially overlook, such as minor shifts in water depth
or small-scale velocity fluctuations.

Data assimilation applies a series of iterative updates to reconcile discrepancies between measured
and simulated hydrological variables. Key targets include soil moisture estimates, aquifer recharge rates,
and surface water extent. By incorporating constraints based on conservation laws, the model preserves
realistic mass balance while adjusting its state variables. Early-stage testing indicates that fusing radar
and optical imagery—and verifying it with on-site rover observations—reduces uncertainty in surface
water delineation and shortens the lead time for detecting anomalies linked to droughts or floods.

Future refinements will explore enhanced digital elevation models for improved runoff simulation,
anomaly detection algorithms for transient water bodies, and near real-time integration of new sensor
inputs. Emphasizing a holistic perspective, this multi-sensor framework provides decision-makers with
timely assessments that inform water allocations, protect against flood events, and support integrated
management strategies. By leveraging remote sensing at scale and coupling it with targeted robotic
surveys, the system aspires to deliver a more comprehensive understanding of evolving hydrological con-
ditions, thereby reinforcing both local and regional resilience. Ultimately, the combination of large-scale
satellite intelligence and fine-scale in-situ data promises a significant advance in forecasting capability,
enabling proactive stewardship of water resources under shifting climate scenarios.
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