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Earth system science viewpoints
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Thermohaline Circulation

Simulation of abrupt climinate
change induced by freshwater sengt Ny,
input to the North Atlantic Ocean ccp¥2o

via Wikimedia Commons

Syukuro Manabe & Ronald J. Stouffer

https://www.nature.com/articles/378165a0.pdf
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—Answers from engineering viewpoints:
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Subramaniam Nachimuthu Deepa, Narayanan Natarajan & Mohanadhas Berlin,
"Enhanced variational mode decomposition with deep learning SVM kernels for river streamflow forecasting’,
Environmental Earth Sciences, (2023) Springer Nature

United States Geological Survey (USGS)
https://pubs.usgs.gov/fs/fs-077-02/
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Allen & Pavelsky, 2018, Science

RIVER NETWORK

Global extent of rivers and streams

Geoge H. Allen and Tamilin M. Pavelsky
https://www.science.org/doi/10.1126/science.aat0636

The turbulent surfaces of rivers and streams are natural hotspots of biogeochemical
exchange with the atmosphere. At the global scale, the total river-atmosphere flux of trace
gasses such as carbon dioxide depends on the proportion of Earth’s surface that is covered
by the fluvial network, yet the total surface area of rivers and streams is poorly constrained.
We used a global database of planform river hydromorphology and a statistical approach to
show that global river and stream surface area at mean annual discharge is 773,000 =
79,000 square
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Aop: Unobserved low-flow cross section Vo: Unobserved low-flow storage

Durand et al., J. Hydrology, 2014 0A: Observed cross section change dh: Observed elevation change
w: Observed cross section S: Observed slope
Durand et al., J. Hydrology, 2010 A,: Observed inundation area dV: Observed storage change
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McFLI: Mass-conserved Flow Law Inversion
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True runoff for Sacramento River: 8.5 km3/yr
Estimated runoff: 8.1 km3/yr (error = -5.6%)
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Estimated discharge shows a decreasing oo
Research Letter () Open Access
trend along heavily irrigated areas Evaluation of a Width-Based Satellite Discharge Algorithm for

Detecting Longitudinal Flow Changes in a Human- Regulated
Continental River Basin

BAM regression
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ICESat-2 [2018-] NASA

flaich Waltet,. 7. Green laser altimeter

;=" Topography

Ocean Topography

Sentinel-3 [2016-]
SAR altimeter

K. Wiedman for NASA-JPL

SWOT [Launch 2022 Dec]

2D water surface elevations from Ka-band SAR
(= level, width, slope, extent of surface waters)

Fist satellite mission designed to measure
river-related variables (including discharge).

Precise water surface elevations
from latest altimetry technologies.
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Google Earth Engine
Revaluing satellite big data
from 1980s to now.
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NISAR
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 NASA/JPL-Caltech
Publicly available SAR data
with global coverage.
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A First Look at River Discharge Estimation From SWOT Satellite

Observations https://doi.org/10.1029/2024GL 114185
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nature communications

Fig. 2: Temporal trends in river discharge during 1984-2018.

From: Recent changes to Arctic river discharge
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More flow upstream and less flow downstream:
The changing form and function of global rivers
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