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Lakes Survey from remote sensing techniques |
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Example of application over the Lake Tanganyika
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Water level changes of lake Tanganyika (1992-2004 from satellite altimetry)
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Water level variations over large lakes in Central Asia
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We see that all large lakes (except Tengiz) are shrinking since ~2018

Evolution in time of Issykkul, Alakol & Balkhash very similar => signature of regional climate change



An example where SWOT will teach us a lot on linkage between lakes and climate

Satellite altimetry & imagery revealed very strong increased of the
lake level, extent (+~11,400 km?) and volume (+~160 km3) over the

last 20 years on lakes over the whole Tibetan Plateau

Climatic assessment of the causes have proven that for
~80% the increase is due to higher rainfall over the TP
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Strong intensification of the East Asian and the Indian monsoon,
and the westerlies will provoke drastic land overflow, and
extension of lake surface with strong societal consequences

Zhang G., Bolch T., Chen W., and Cretaux J-F., Sc of the total Environment, 2021,



Prediction over the Tibetan Plateau for the next decades under CMIP scenarios
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Global lakes & rivers survey from SWOT

EDS

SWOT measurements and products 2024
Lakes * 1324803 lakes %Wé o=
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Height, extent & volume changes on lakes larger than 250 m x 250 m R Sl
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—=This will allow calculating water storage changes '
. . . . . 2
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Rivers Global Reaches: 121,219

Height, slope and width of rivers larger than 100 m

—=This will allow calculating discharges along pre-defined reaches of 10
km

—=This will allow understanding the role of rivers in water cycle and on
sea level changes

—=This will allow understanding the interaction with floodplain and
groundwater dynamics at basin scale

Slope (m/km)
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Measurements will be released every 21 days and every passes on shape of vector files, pixel cloud and rasters



SWOT measurements,
how does it works?
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Both antenna will receive the same signal reflected on

Water surface is detected through the radiometry

the surface, but it won’t have travelled the same
distance. This enable to compute the surface height.

rl is measured using the round-trip time between
the satellite and the surface
(rl-r2)is also estimated

0 is deduced from r1-r2 and B (distance between
the two antennas).

H (satellite altitude) is measured by precise
location system onboard (Doris, GPS/GNSS)

The water height ish =H-r1 cos (0)



Swot swath and pixel geometry (side view) 2 . DS
2024
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Advantages / drawbacks
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 Among the advantages: X
* Resolution / A
* swath, i.e., the ability of retrieving 2D data in a single satellite passage which is ":"‘\
not currently possible with altimetry (either classical or « SAR » altimetry) %5
‘.‘ \
* Very innovative concept, technically challenging *—
Low R —— Low
rugosity radiometry

/
* The possible drawbacks X
\\ :

* The use of the Ka-band, while enabling higher resolution (smaller footprint),
should provide with less data when it’s raining.

* Very innovative concept, technically challenging
* When rugosity of water surface is small => dark water

Strong S Stronger

rugosity radiometry
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Volume changes will be derived from the .
Lakes volume changes from SWOT measurements of heights and extent -&-!'f'r ‘ _DS

Objectives: Investigating errors expected from the
SWOT products (the volume changes) & applications
on several cases studies (Sahelian pounds, Brazilian
reservoirs, Canadian & French lakes) have been done
using simulations.

Algorithm proposed has been implemented on the
LOCNES processing chain for operational production

2024
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Simulations were done on dozen of
lakes of different size and shape
Errors never exceeded 10% (in rare
cases) of the real volume changes




What SWOT measures is changing with the discharge changes J JDS
SWOT sees height, width and slope of the river -

2024

Source : SWOT
science team
meeting, Chapel Hill,
juin 2024,

Hind Oubanas




Mathematical problem is underconstrain => we do not solve all with SWOT but under

L”CEDS
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some assumptions on friction and bathymetry we may determine approximated discharge
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Source : SWOT science
team meeting, Chapel
Hill, juin 2024,
Hind Oubanas




SWOT River SP Data Products (L2_HR_RiverSP)
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Courtesy Joe Turk, JPL

Schematic of SWOT River Data Products
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Provides vector representation of rivers
In Shapefile format
Options:

*  Reaches (~10 km), polylines

*  Nodes (~200 m), points

Includes elevation, inundation extent, slope (for reaches only), quality
flags, corrections

A granule represents a pass over one continent

Version C Currently Available
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SWOT River SP Data Products (L2 HR RiverSP)

. .« Pixel Cloud
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River Centerline

Courtesy Joe Turk, JPL

Schematic of SWOT River Data Products
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Options:
*  Reaches (~10 km), polylines
*  Nodes (~200 m), points

Includes elevation, inundation extent, slope (for reaches only), quality
flags, corrections

A granule represents a pass over one continent

Version C Currently Available

Pixel *| River Node [— River Reach




SWOT Discharge algorithm e DS

estimate discharge using a simple
flow equation like Manning’s

Arial Khan lowa River zeq
Because SWOT can measure river N — & B
width, slope, and water surface :
elevation, it can be used to 1™

1 1000

Equation:
1 B 0

Q =—(A+ AN5Bw—2/35-1/2
n

Simulation results suggest that we

can expect discharge errors of |

about 50%, but errors for variations PR

in discharge of about 10-15%. (] \WURTE

0

‘ . g / 0 . ‘ : e,
0 25 50 75 100 125 150 175 200 0 25 50 75 ‘IDO 125 150 175 200
Number of days since the first Number of days since the first

Implication: we will be able to measure the dynamics of
discharge very accurately with SWOT

PEPSI 2 Intercomparison challenge (Frasson et al., 2023)



How can SWOT Discharge Help Us?

Our current on-the-ground
network is good in some places,
but not everywhere.

SWOT will not replace these
gauges (which measure every
15 minutes!). . .

. .. But having discharge every
1-2 weeks all over the globe
would be revolutionary!

L7°CEDS
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Riggs et al., 2023



How can SWOT storage change on lakes Help Us?
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Our current on-the-ground network is good in some places, but not everywhere (same as rivers).
Current remote sensing allows to tracks volume changes of lakes on only few hundreds of large lakes
Millions of small lakes contributes to GhG emission in a way which we cannot yet quantify

Lakes contribute to global water cycle in way which also needs to be quantified precisely



Anthropogenically
 saline lake
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Figure 4. Temporal trend in GSL fluxes

Estimated annual anthropogenic CO,., release from GSL's dry bed over time
(black circles). The red circle represents hypothetical maximum dry-flux rate

assuming 100% lake desiccation by 2030.

When lakes dry up, their exposed lake beds become sources of GhG

The degree to which desiccation generates new GhG emissions to the

atmosphere has not been fully explored

desiccation of freshwater systems including ponds, potentially due
to or exacerbated by anthropogenic climate change, may be
increasingly important sources of GHGs to the atmosphere

T L
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Mapping of lakes > 0.03 km2 (3.4 Millions) from sat imagery in 3
periods (1980-1999; 2000-2009 and 2010-2019) => allows to
examine change in CO2 and CH4 throughout the study period

Small lakes (< 1km2) account for 15% of global lake area but
showed higher long-term temporal variability than large and

medium-sized lakes.

Small lakes is the first contributors of CH4 emissions

A desiccating saline lake bed is a significant source

of anthropogenic greenhouse gas emissions

Cobo et al., 2024, One Earth

Mapping global lake dynamics reveals the
emerging roles of small lakes

Pi et al., 2022, Nature com



SWOT over the Tibetan Plateau’s lakes

Comprehensive @ )G
understanding of 2024

—> lake changes

OUtHiow Glacier
& Bechung Tsho

¥ 0 p08/10/2013|
P d

Glacier collap;e and G:LQF event in 201§

-
T Y

P eria Co oL Raphstreng Tsho

I AL
Magiong Co

~95% of lakes larger than 6ha over the TP will be measured

using SWOT HR datasets, including small glacial lakes
Courtesy, G. Zhang, CAS



Courtesy, T. Pavelsky
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SWOT-visible lakes and reservoirs segment
the global drainage system to 3+ million
reaches.

More than 50% of the reaches are shorter than
1.5 km and more than 80% are shorter than 10
km.

Accumulatively, these reaches stretch ~10
million kilometers, at least 4.6 times longer
than SWOT-visible river reaches (SWORD).

These results accentuate the roles of water
stores in fragmenting river systems.

SWOT will teach us: how lake and reservoir
storage changes can propagate downstream
and modulate river discharge?



SWOT observation of height over
the Yukon river (Alaska), SWOT example of 3-D images

(June 18, 2023)
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OPERA S2 .
on 6th May 2024

SWOT DATA

DIFFERENCE OF WATER ELEVATION (m)
Between 14th of April and 6th of May

swoT WATER EXTENT [

on 6th of May

Pixel clouds were used with index 4 (open water) and filtering of outliers (20<wse<20m)
Opera image is showing the water mask over the same area and is used to validate SWOT detected water mask

Courtesy, Moreira



SWOT over the Amazon
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Landsat 8 (02/22/2024), bands 752 as RGB

Unassigned observations (cyan polygons)
capture quite a lot of the smaller
headwater reaches in the Amazon basin.

Another closer look at the normal-quality
Prior product (cyan, observed 02/14).

(= « Qverall accurate

* Occasionally overestimated (wet soil?)

Courtesy, Daniel Moreira

SWOT_CYCLE 06 PIXC @ 4.9-7.9 () 10.8-137 16.6-19.6 225-254 284-313 () 342-372 @ 40.1-43
® 240 @ 79-108 13.7-16.6 19.6-22.5 25.4-28.4 313-342 @ 372-401 @ 43-459
Courtesy, Wang, Moreira



SWOT over.the Bengladesh
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Water Surface Elevation (m)

Bangladesh-India Border




SWOT over the Quebec p " |
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Distribution of SWOT observation over India

Pass:008 AS, Date:2024-01-25
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SWOT over a tropical river: Tsiribihina, Madagascar, C/V using GNSS height profiles
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Moreira, Larnier, Garambois, Cretaux et al., in prep



SWOT Profile of ~45 km of the North Saskatchewan River

Reach ID: 71241000101 71241000111 71241000121 Cycle: 538 River: NS
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Preliminary SWOT Estimates of River Discharge
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Preliminary results of SWOT discharge are promising, but we have

lots of work left to do to understand SWOT'’s capabilities and
limitations in this area. |

Po River Discharge estimation

using SICFLOW
usmng SWOT and
multi-mission data,
on the Po River.

Courtesy K. Larnier, P-A. Garambois, J. Monnier, P-O Malaterre, H. Oubanas



Widespread and Exceptional Reduction in River Water Levels Across the Amazon Basin ﬁf’ﬂ jas
during the 2023 Extreme Drought Revealed by Satellite Altimetry and SWOT 2024
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Global lake survey from SWOT (1/2)

SWOT-measured mean water surface elevation on global lakes during January to May 2024
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Global lake survey from SWOT (2/2)

A first look at global lake storage changes from SWOT (January to May 2024)
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