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CaMa-Flood

Deepening understanding of remote sensing water surfaces and providing new insights into improving
models using sensed data. Relevant research is of great significance for improving flood forecasting
and defense capabilities, reducing disaster losses, and improving flood prevention measures.

Analyzed the global distribution pattern of remote sensing water surfaces
and the advantages and disadvantages by comparing it with models. Results show that in areas with
high vegetation coverage, remote sensing data underestimates the water surface area, while in areas
with intense human activities, the model overestimates the simulation of water surfaces. Developed
an evaluation system for hydrodynamic simulation results based on remote sensing data. By using
runoff, remote sensing water surface elevation, and remote sensing water surface area, the system
achieves automated evaluation of CaMa-Flood simulation results through comprehensive evaluation
metrics. The system can also be extended to compare with results from other models. Preliminarily
developed a model assimilation method using remote sensing data. By assimilating remote sensing
water surface data in different ways, the simulation accuracy of hydrodynamic models has been
improved.
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As climate change develops, the frequency of extreme flood events increases, leading to increasing
social and economic losses. Flooding, as the most direct cause of disaster, has not been well simulated
in model simulations due to the limited ground observation data. Therefore, remote sensing is needed
to evaluate the simulated water inundation. However, at the sametime, the accuracy and characteristics
of remote sensing inundation data have not been fully validated.

The aim of the research isto fully understand the characteristics of remote sensing water surface data
and to provide support for model validation, calibration, and improvement of simulation results
through remote sensing water surface data.

The research methods mainly include data comparison and analysis, and the establishment of an
automated simulation result evaluation system. In addition, data assimilation methods were applied to
leverage the role of remote sensing water surface data.

1. The study analyzed the global distribution pattern of remote sensing water surfaces and compared
it with model simulations, highlighting the advantages and disadvantages of remote sensing data. The
analysisfound that in areas with high vegetation coverage, remote sensing data tends to underestimate
water surface area due to optical sensors inability to penetrate dense vegetation and detect water
surfaces below. In areas with significant human activities, the model tends to overestimate water
surface simulation due to human activities' ability to change water bodies' and rivers morphology and
related flood control engineering reducing the possibility of water inundation.

The research has been published as

Zhou, X., Prigent, C., & Yamazaki, D. (2021). Toward Improved Comparisons Between Land-
Surface-Water-Area Estimates From a Global River Model and Satellite Observations. Water
Resources Research, 57(5), €2020WR029256. https://doi.org/10.1029/2020WR029256
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Figure 1. The comparisons between the Landsat remote sensed water surface area and results from

CaMa-Flood simulations.

2. The research utilized remote sensing water surface elevation and ground runoff observations, in
combination with model calculations and the rating-curve method, to calibrate the river depth
parameter of the hydraulic simulation model. This method eliminates the result uncertainty caused by
input errors and results in a more robust and reasonable calibration. In the Amazon River basin

application, the study found that the rating-curve method reduces uncertainty by 70%, compared to
the traditional process line calibration method.

The research has been published as

Zhou, X., Revel, M., Modi, P., Shiozawa, T., & Yamazaki, D. (2022). Correction of River

Bathymetry Parameters Using the Stage-Discharge Rating Curve. Water Resources Research,
58(4), e2021WR031226. https://doi.org/10.1029/2021WR031226
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Figure 2. Comparisons of the corrected river bathymetry using the rating-curve method (right) and
the conventional method (left)

3. The research developed an evaluation system for hydraulic simulation results based on remote
sensing data. By using a comprehensive set of evaluation and comparison indicators that integrate
runoff, remote sensing water surface elevation, and water surface area, the system automates the
evaluation of CaMa-Food simulation results and can be extended to compare other model results.

This achievement is important in effectively evaluating hydraulic simulation results and provides



strong support for water resource management and hydraulic engineering construction.
The works have been presented in two international conferences:

Zhou, X., Revel, M., Modi, P. & Yamazaki, D. A Framework for Benchmarking Globa Flood
Models, AGU Fall Meeting, 2022 (Oral)

Zhou, X., Revel, M., Modi, P. & Yamazaki, D. A framework for benchmarking global flood

models. Japanese Association of Hydrological Science (JAHS) Fall meeting. 2022 (Oral)
4. The research also developed preliminary model assimilation methods using remote sensing data.
The study improved the accuracy of hydraulic simulation models by assimilating remote sensing water
surface datathrough various methods. The use of remote sensing datafor model assi milation can better
reflect real-world conditions and enhance model accuracy. This achievement isimportant in hydraulic
engineering construction and water resource management, providing an effective approach to improve
hydraulic simulation model accuracy.

The work has been published as
Revel, M., Zhou, X., Yamazaki, D., & Kanae, S. (2023). Assimilation of transformed water surface

elevation to improve river discharge estimation in a continental-scale river. Hydrology and
Earth System Sciences, 27(3), 647-671. https://doi.org/10.5194/hess-27-647-2023
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Figure 4. lllustration of model improvement for three groups and different metrics after applying

data assimilation
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