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Introduction

Inland water bodies:

A usually a secondary goal in 3D
terrain modelling

A included to improve terrain
modelling In  watershed or
hydrological models

I
e

o

BUT
Surface freshwater (lakes, rivers, reservoirs, wetlands, snow, and glaciers):
A Is an essential resource to ecosystems, hydrology, and climateregulation

A provides water supply for urban, agricultural, and industrial uses



Surface Freshwater

Threats from Climate Change

~ Rising temperatures = r—

- Changing precipitation patterns -

- Glacier retreat and melting

i T Tl et
Repeat photographs from the project "On the Trail of the Glaciers with Fabiano Ventura”
https://macromicro.it/on-the-trail-of-the-glaciers

A These processesalter the availability , quality , and distribution of freshwater
(liquid water and ice) worldwide

A Thus, it is crucial to monitor the geometry ' in simplified terms, their 2D extent
and their level  of inland water bodies and glaciers
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Challenges

Traditional in-situ monitoring approaches

A Water levels Y gauge  stations
(hydrometers)

A Glacier surface elevations Y terrestrial/
drone (UAV) photogrammetric/LIDAR
surveys

Challenges
A Sparse spatial coverage™ measurements representlocal conditions only
A Low temporal frequency ~ observations are infrequent or irregular

A High operational costs *~ especially in remote or harsh environments 4


https://www.ysi.com/parameters/level?srsltid=AfmBOoqHMIZAWZctxUYTmt4HurTRXHi_f3_XHbRtGSR0amiIs3ZF2SMM
https://www.azorobotics.com/News.aspx?newsID=15862

New needs new opportunities

New needs

Growing need for continuous (frequent), large scale, globally consistent (harmonized),
monitoring of:

A inland water surface levels

A glacier surface elevations

New Opportunities
Earth Observation (EO)

A to complement and integrate in situ data = combining local information with large scale
coverage and temporal continuity

A new satellite instrument s



New instruments , new opportunities = presentation outlook

GEDI (Global Ecosystem Dynamics Investigation)

1. Inland water level monitoring

ECOSYSTEM LIDAR

A Data quality assessment
A Development of an operational monitoring workflow
1. Alpine glacier monitoring

A Tracking surface elevation and seasonal changes

SWOT (Surface Water and Ocean Topography)

1. First evaluation of data quality for inland water level monitoring

SURFACE WATER & OCEAN TOPOGRAPHY
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GEDI data analysis for
iInland water level monitoring



GEDI mission

A Global EcosystemDynamics | nvestigation (GEDI )
A Launched by NASA in 2019

A Originally designed for the determination of canopy heights relative to
the terrain

A Only lately GEDI potentialities investigated for inland surface water level
monitoring

ECOSYSTEM LIDAR

GEDI [NASA



GEDI mission

Full waveform LIDAR Instrument

mounted on International Space
Station (I1SS)
ECOSYSTEM UDAR
Provides measurements between 51.6eN \/
and 51.6€S

Image sources: https://gedi.umd.edu
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https://gedi.umd.edu/data/products/

GEDI mission

25 m
Footprint size: 25 m |
Along -track spacing: 60 m

Across-track spacing: ~600m
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Image sourcelNorbert Pfeifer(TU Wien) Image source: https://gedi.umd.edu

- L2A Raster Canopy Top Height (V2)product available in Google Earth Engine (GEE)
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https://gedi.umd.edu/data/products/

GEDI mission

~

~

Relative Height (RH) bands:

o usedfor canopy height analysis

o collectively describe the waveform
collected by GEDI

Elev_lowestmode band:

o elevation of the center of the lowest peak
of the footprint waveform

o relative to WGS84 ellipsoid , with
corrections applied for solid earth tides,
ocean loading, solid earth pole tide, and
oceanpole tide

Image from: Fayad et al. "A CNN-based approach for the estimation of
canopy heights and wood volume from GEDI waveforms." Remote Sensing

Cumulative energy (%)
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of Environment 265 (2021). Example of an acquired GEDI waveform (Rw)

over a Eucalyptus stand

o generally used as footprint ground
elevation ® usedto represent water level

Typical GEDI waveform
over a lake
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Study area(20192022)

Name Center Area (Km?) Gauge Code Gauge Name
Argentino (Argentina) 50°13’S 72°25'W 1415 2817 El Calafate
Como (Italy) 46°00’N 9°16’E 146 1 Lago di Como
Erie (US, Canada) 42°15’N 81°15°’W 25744 9063038 Lake Erie
Garda (Italy) 45°38’N 10°40’E 369 4 Lago di Garda
Huron (US, Canada) 44°53'N 82°2T'W 59600 9075065 Alpena MI, Huron
Iseo (Italy) 45°43’N 10°05’E 65 2 Lago d’Iseo
Maggiore (Italy) 46°05’N 08°42’E 212 3 Lago Maggiore
Mar Chiquita (Argentina) | 30°30’S 62°40'W ~ 2000 4309 Laguna Mar Chiquita
Michigan (US) 44°00'N 87°00'W 57760 9087072  Sturgeon Bay Canal WI
Ontario (US, Canada) | 43°51’N 77°57W 19529 9052058 Rochester NY
Superior (US, Canada) | 47°51’N 87°30'W 82000 9099018 Marquette C.G. MI
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Methodology - Overview

A The workflow is basedon a rigorous spatio -temporal outlier rejection procedure and a
spatial aggregation of the remaining high -quality footprints , for the robust estimation
of a per-epoch median water level andits precision for the considered lake surface

A GEDI asan efficient and reliable remote hydrometer

GEDI epochs prior to outlier removal and repetitive 3NMAD

GEDI within Google Earth Engine

Estancia La

stancia
Querencia

Median
NMAD
SD
P25
P75
Max
Min

Aggregation of footprints for each epoch
(This is a schematic and simplified view; representing
multiple beams of one epoch belonging to the same date)

Refined water level of the lake Iterative procedu.re of removing variation higher.th.an medlan+-3NM_AD 91‘ the whole
time series and recalculation of the statistics (temporal validation)

Hamoudzadeh , A., Ravanelli, R., & Crespi, M. 025). Large-scale monitoring of inland water surface levels with GEDI data: an operational cloud-based 13

approach in Google Earth Engine. GlScience& Remote Sensing62(1). https://doi.org/ 10.1080/15481603.2025.2483027



https://doi.org/10.1080/15481603.2025.2483027
https://doi.org/10.1080/15481603.2025.2483027
https://doi.org/10.1080/15481603.2025.2483027
https://doi.org/10.1080/15481603.2025.2483027

Methodology - Detection of water footprints

JRC  Global Surface  Water
Mapping Layers v1.4 usedto define
precise waterbody boundaries

Application of a 50 m buffer within
each lake polygon
to avoid footprints near shorelines
and remove mixed land” water
signals

Selection of GEDI footprints falling
within the buffered lake boundaries
to ensuring pure water surface
samples for subsequent water
surface elevation analysis
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(d) GEDI footprints within the bounds

14



Methodology = Outlier detection and removal
quality check (GEDI data flags)

Wavveform Amplitude

s & 8 s

Internal

A Sensitivity

A Degrade flag: degraded state of pointing and/or

positioning

clock drift)

A Quality

Typical GEDI waveform over a lake

flag: waveform anomalies
sensitivity, and amplitude of the signal

information

Typical GEDI waveform over a forest
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Image from: Fayad |, Baghdadi N, Bailly JS, Frappart F, Zribi M. Analysis of GEDI Elevation

Data Accuracy for Inland Waterbodies Altimetry. Remote Sensing. 2020;
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Methodology © Spatial outlier
detection and removal

Exhaustive 3NMAD -test (robust version of 3dtest)

Bassanega
P15 |

For each lake, the SNMAD -test was applied at
each epoch to remove footprints that:

A are characterized by sufficient technical quality (no
anomalies in returned signal energy or GPSdrifts)

A but have elevation values inconsistent with other
footprints in the same epoch Y hypothesis of a uniform

water level across the lake at eachepoch adet
| SP115 |

Ustecchio

The 3NMAD -test was applied iteratively :

~

at each iteration, the median, NMAD, and thresholds are

CompUted: Thresholds = Me + 3 NMAD

~

all remaining footprints from the previous iteration are
checked against the updated thresholds "



Methodology © Temporal outlier detection and removal

~

The aim Is to remove unrealistic water-level changes (abrupt jumps) within
consecutive epochs of the GEDI time series

Through an iterative 3-NMAD test applied to the per day elevation change
o (' h}, calculated from the GEDI median water level as:

(i —1,i) = Z Me(hg); — Me(hg)i_1
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Methodology © Spatial aggregation

The remaining high -quality GEDI footprints were spatially aggregated
to compute the per-epoch median water level and its NMAD |,
representing the lake_s water level and measurement precision

- GEDI asaremote hydrometer

Argentino

Lake level (m)
b
~
(o]

177
¢ Gauge Measurements
176 4 GEDI Median+-NMAD
2019-01 2019-07 2020-01 2020-07 2021-01 2021-07 2022-01 2022-07

Date

Figure 8. Lake Argentino: GEDI-derived water levels and the corresponding gauge measurements with a correlation coefficient of 0.80. 19
The uncertainty shown by the bars is based on the per-epoch NMAD of the GEDI-derived water levels.



Results - Qutliers detection and removal

Sample epoch overComo lake

- 20221-14 from 08:2743to 08:2745 - (two seconds!)
- 1690 footprints

~ gauge measurement value: 197.19 m

Level Avg(m) STD(m) NMAD(m) Number of Removal
footprints Percentage
Raw data 219.86 25.44 33.03 1690

After flags 196.57 0.21 0.18 213 87%
After 3ANMAD 196.52 0.13 0.15 207 2%

20



Results - Qutliers detection and removal

~ An epoch over Garda lake
(201906-13)

- High dispersion observed,with up
to 8,000 m elevation variation
prior to applying quality flags and

the spatial outlier
removal procedure

detection and
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Lake Garda Histogram, epoch #2838 at 2019-06-13

GEDI data without outlier removal

0 1000 2000 3000 4000 5000 6000 7000 8000
GEDI data after outlier removal with flags
5 = e mm= = = =
64.6 64.8 65.0 65.2 65.4 65.6 65.8 66.0 66.2
GEDI data after outlier removal after 3SNMAD procedure
65.3 65.4 65.5 65.6 65.7 65.8

Elevation (meter)
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Table 3. Overall intrinsic precision (mean of the per-epoch NMADs over all the inlier epochs) for each lake.
Lake Como Garda lseo Maggiore Argentino Erie

L} L}
Mean NMAD (m) 0.10 omn 0.10 0.12 0.14 0.14
- Lake Huron Michigan Ontario Superior Mar Chiquita -
Mean NMAD (m) 0.15 017 0.16 0.16 0.16 -

Average (m): 0.14

0.35]

0.301

o o
N N
o u

NMAD (meter)
o
-
(9]

2019-05 2019-09 2020-01 2020-05 2020-09 2021-01 2021-05 2021-09 2022-01 2022-05
Acquisition time of GEDI

Como < lIseo - Huron Ontario Superior «»  Mar chiquita
Garda -~ Maggiore v Michigan » Erie « Argentino —— 90 Days Moving Median

KO Precision of GEDI derived per-epoch water level (spatial median): per epochspatial NMAD
KO Overall precision (median NMAD) of 14 cm across all lakes for the whole time series

KO no significant location dependency
KO slight dependency on lake extent (likely due to the assumption of constant water level over a

lake) 22



Results- Accuracy (vs. gauge stations)

For each lake and for each epoch (§2the difference between the in-situ measured
water level (5:) and the corresponding GEDI -derived water level d -ln ) was
computed according to the following equation:

YO 'O 0 QQ

- YO 1 overestimation of the water level by GEDI
- YO 1t underestimation of the water level by GEDI

Image source: www.ysi.com

23
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Results- Ensemble Accuracy (vs. gauge stations)

GEDI andreference gauge station water levelsare in agreement with :

A anoverall accuracy of 35cm

A astrong correlation of 0.76

Lak Mean  Median 5D NMAD  MAE r BRMSE spatial outlier detection and removal  temporal ountlier detection and removal — processing time
(m) (m) (m) (m) (m) (m) input footprints  final footprints input epochs final inlier epochs
Como 0.24 0.24 0.34 0.43 034 0.55 041 0,973 6,257 69 36 20m
Garda 0.24 0.27 0.38 0.40 035 033 045 34,601 24,399 o0 54 56m
Iseo 0.29 .34 0.3 0.25 0.36  0.69 0.42 1,627 2,020 aT 18 lm
Maggiore -0.08 -.060 052 0.49 041 058  0.52 21,055 13,818 73 A8 A4m
Argentino -0.08 -0.01 .53 0.60 044 080 0.53 52,810 15,259 155 113 Oh
Eric 1128 -.24 0 0.436 0.35 036  0.62 045 1,364,477 010,122 118 2749 G0k
Huron .25 -0.22 035 0.29 0.33 056 043 2,763,800 1,307,418 409 197 H54h
Michigan -11.20) -0.22 036 0.30 032 0.6 041 3,216,334 2,060,799 477 301 O4h
Ountario -0.25 -0.21 0.37 0.31 0.35 050 044 071,511 578,300 306 191 78h
Superior -0.12 -0.10 032 0.31 0.26 0.56 0.34 7,586,623 3,508,886 1084 501 214h
Mar Chiguita  0.45 0.45 .63 0.28 064 057 097 197,176 04,642 69 35 23m
Total Sum - - - - - - - 16,223,077 8,641,920 3187 1773
Median -0.08 -0.060 036 0.31 0.35) 056 0.44

L4



Results- Ensemble Accuracy (vs. gauge stations)

~ Similar results on lakesin same regions, different results in different continents
(gauge stations reference frame problem?)

~ Over 400 hours processing time

Lak Mean  Median 5D NMAD  MAE r BRMSE spatial outlier detection and removal  temporal ountlier detection and removal — processing time
(m) (m) (m) (m) (m) (m) input footprints final footprints input epochs final inlier epochs
Como 0.24 0.24 0.34 0.43 034 0.55 041 0,973 6,257 69 36 20m
Garda 0.24 0.27 0.38 0.40 035 033 045 34,601 24,399 o0 54 56m
Iseo 0.29 .34 0.3 0.25 0.36  0.69 0.42 1,627 2,020 aT 18 lm
Maggiore -0.08 -.060 052 0.49 041 058  0.52 21,055 13,818 73 A8 A4m
Argentino -0.08 -0.01 .53 0.60 044 080 0.53 52,810 15,259 155 113 Oh
Eric 1128 -.24 0 0.436 0.35 036  0.62 045 1,364,477 010,122 118 2749 G0k
Huron .25 -0.22 035 0.29 0.33 056 043 2,763,800 1,307,418 409 197 H54h
Michigan -11.20) -0.22 036 0.30 032 0.6 041 3,216,334 2,060,799 477 301 O4h
Ountario -0.25 -0.21 0.37 0.31 0.35 050 044 071,511 578,300 306 191 78h
Superior -0.12 -0.10 032 0.31 0.26 0.56 0.34 7,586,623 3,508,886 1084 501 214h
Mar Chiguita  0.45 0.45 .63 0.28 064 057 097 197,176 04,642 69 35 23m
Total Sum - - - - - - - 16,223,077 8,641,920 3187 1773
Median -0.08 -0.060 036 0.31 0.35 056 044

£0



Conclusions - GEDI water level monitoring

FOAn automatic , reliable, and worldwide operational
workflow for the large-scale monitoring of inland water
surface levels was defined and implemented through the
analysis of GEDI data within GEE

OLeveraging the massive computational capabilities of GEE,
we were able to analyze millions of GEDI footprints andto
efficiently and reliably employ GEDI as a remote
hydrometer



Conclusions - GEDI water level monitoring

The workflow was validated by comparing GEDI-derived water
levelsacross11 lakes on three continents, achieving:

Oa precision of 14 cm

Ooverall accuracy of 35 cm

Ostrong correlation (0.76) with reference hydrometers



GEDI data analysis for
Alpine glacier monitoring



Introduction

10 Most of the glaciers are located at high latitudes

o GEDI limitations w.r.t. ICESat-2 dueto its restricted latitudinal range

to Potential of GEDI for mid -latitude glaciers (eg., Alps, Himalaya® Karakoram,
Patagonia). significantly shorter revisit time than ICESat-2 (afew daysvs. ~90 days)

29



Study Area: Western Alps

Study area

Belvedere
&bYYI bzubY
Rutor

Argentiere .
e &

- Reference DSMs from %
. . e
aerial photogrammetric
~ 'Rutor™

surveys
Glacier  |Date GSD (m)|Platform and method Coverage (km?)[Vertical datum [Horizontal reference
Belvedere |2019-07-29 to 08-02|0.06 UAV photogrammetric point cloud (loli et al., 2024b; De Gaetani et al., 2021; Ioli et al., 2022, 2024a)|~1.8 RDN2008 UTM zone 32N
Belvedere |2021-07-28 to 29 0.04 UAV photogrammetric point cloud (Ioli et al.] 2024b; De Gaetani et al.| 2021; Toli et al., 2022, 2024a)|~1.8 RDN2008 UTM zone 32N
Belvedere |2022-07-25 to 27  |0.027 UAV photogrammetric point cloud (Ioli et al.] 2024b; De Gaetani et al.| 20213 Toli et al., 2022, 2024a)|~1.8 RDN2008 UTM zone 32N
Rutor 2020-09 0.5 Aerial photogrammetry DSM (Corte et al.] 2023bla ~8.3 RDN2008 UTM zone 32N
Rutor 2021-09 0.5 Aerial photogrammetry DSM (Corte et al.| 2023bla ~8.3 RDN2008 UTM zone 32N
Argentiére|2019-09-13 1 UAV photogrammetric DSM { incent et a .,H2022;” ourdain,” 20191 ~2.55 WGS84 eliposid UTM zone 32N




Methodology - Outliers detection and removal based on
Internal quality flags

A For glaciers, spatial temporal oulier detection and removal as applied to lakes
IS not feasible, due to the non-constant elevation of glacier surface over space

A Therefore, outlier detection relies exclusively oninternal GEDI quality flags

A Num_detectedmodes

" Range:0 20
" Indicates the number of detected peaks in the received waveform

" Filter condition: Num_detectedmodes 1

A Surface flag

" Values:Oor 1
" Indicates whether the footprint elevation is within 300 m of either global DEM

(TanDEM -X or SRTM) included in the GEDI L 2A product
" Valid condition: Surface flag=1



Methodology = comparison with reference DSMs

Resampling of reference DSM

- DSM Nearest-neighbor resampling to the GEDI footprint size (25 m) to
ensure a consistent spatial scale and a fair comparison between the 2
datasets

Statistics of elevation difference

- After resampling, differences | between GEDI footprint elevations 'O and
DSM heights O were computed along the profiles where valid GEDI
footprints were available:

5@:G@—D3 VZ:1,2,,f

- Warning : GEDI data asynchronous w.r.t. DSM survey date
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Results - Outlier
detection

Belvedere 2022
GEDI and the
DSM
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Hamoudzadeh, A., Ravanelli, R., & Crespi, M. (Under revision). Monitoring Alpine Glaciers Morphological Changes Using GEDI: Evaluation of Potentials and Challenges.



Results - Asynchronous comparison

A DSM survey epoch: from 29/07/2019 to 02/08/2019 A DSM survey epoch: from 29/07/2019to 02/08/2019

A GEDI epoch: 27/06/2019 A GEDI epoch: 17/10/2019
A GEDI datacollected before DSM survey A GEDI data collected after DSM survey
2,300 | — GEDI 2,350 | -—— GEDI
— DEM | -— DEM
2,250 2,300 |
2,200 2,250 |
2,200 |
2,150 |
|
4 2,100 B 2150 |
§ § |
£ g 2100 |
§ 2,050 § o5 |
> s |
& 2,000 \%/-\ o 2000 |
|
1,950 050 |
1.800 \ 1,900 i W
1580 GEDI mainly above DSM 1850 I GEDI mainly below DSM
1800 3,000 3,500 1800 l 500 1,000 1.500 2,000 2,500 3,000 3,500
Distance (meters) Distance (meters)
(a) Belvedere before - 2019 (b) Belvedere after - 2019
34

Hamoudzadeh, A., Ravanelli, R., & Crespi, M. (Under revision). Monitoring Alpine Glaciers Morphological Changes Using GEDI: Evaluation of Potentials and Challenges.



Results - Asynchronous comparison vs. correlation

A DSM survey epoch: from 29/07/2019 to 02/08/2019 A DSM survey epoch: from 29/07/2019to 02/08/2019

A GEDI epoch: 27/06/2019 A GEDI epoch: 17/10/2019
A GEDI datacollected before DSM survey A GEDI data collected after DSM survey

Scatter Plot of GEDI vs DSM over Belveders Scatter Plot of GEDI vs DSM over Belvedere
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Overall results - Asynchronous comparison

A A negative difference between GEDI and DSM values indicates that the considered GEDI

footprint has a lower elevation than the corresponding resampled DSM pixel in the same

location , and vice versa
Glacier | GEDI date reference Mean |median| max  min SD NMAD RMSE MAE Count R? corr

- - - (m) [ (m) | (m) (m (m (m) (m) (m) - %
Belvedere | 2019-06-27 | 29-7 to 02-8-2019 | 0.91 1.41 | 11.72 -13.98 541 3.84 0.47 4.14 72 0.9980 | 0.9990
Belvedere | 2019-10-17 | 29-7 to 02-8-2019 | -3.93 | -2.32 | 812 -27.84 6.46 4.59 7.62 5.21 82 0.9969 | 0.9990
Belvedere | 2021-04-12 | 2829 Jul 2021 | -0.10 | 1.11 | 14.87 -14.86 6.01  5.89 6.01 479 53  0.9926 | 0.9964
Belvedere | 2021-08-13 | 2829 Jul 2021 | -0.27 | -049 | 11.10 -8.52 511  4.03 455 346 22 0.9864 | 0.9935
Belvedere | 2022-09-08 | 25-27 Jul 2022 | -048 | -0.34 | 11.54 -1470 453  2.80 444 315 66  0.9988 | 0.9994
Rutor 2020-06-09 Sep 2020 1.20 208 | 60.39 -47.62 1263 7.83 13.48  &.75 230  0.9972 | 0.9986
Rutor 2021-11-05 Sep 2020 -1.51 | -0.49 | 83.09 -48.64 9.15 4.79 9.32 9.9 646  0.9987 | 0.9993
Argentiere | 2019-07-01 13/09/2019 4.87 | 482 | 889 -1.06 235 231 537 497 21 0.9879 | 0.9988
Argentiere | 2019-11-19 13/09/2019 035 | -066 | 273 -285 145 1.30 1.47 497 21  0.9879 | 0.9988
Average - - 0.04 062 2361 -20.01 590 4.15 6.41  5.00 1348 0.9938 0.9981

A Positive median differences are consistently observedwhen GEDI data were collected before
the reference DSM data, and vice versa
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Conclusions - GEDI glaciers monitoring

- GEDI promising potential to monitor glacier melting along profiles (every60m
at 25 m ground res.) with very high correlation (0.999), supporting routine
global glacier monitoring

- GEDI not able to capture fine -scale variations present on steep glacial terrain



SWOT data analysis for
iInland water level monitoring



SWOT mission

Surface Water and Ocean Topography
(SWOT)

Launched in 2022 by NASA and CNES, the
SWOT mission employs a Ka-band Radar
Interferometer asits main instrument

The altimeter provides near-global coverage,
monitoring 86% of Earth s surface between
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~ Water surface elevation (WSE)referenced to
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Data and Study area

SWOT_L2 HR Raster 2.0product

(100 m pixel size)

From April 2023 to September2024

3 lakes: Leman, Bodensee, and Garda

Gauge
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Methodology - Processing workflow

A Water footprint extraction : application of a water boundary mask with a 50-
meter negative buffer to remove mixed signal pixels (land-water)

A High data quality , no needto spatial outlier detection and removal to remove
gross errors

A Data aggregation : computation of the spatial median of the WSE across all
pixels for the considered epoch

A Temporal outlier detection and removal: similar to the GEDI processing,
epochs inconsistent with the entire time series were removed



Gauge datum correction

o SWOT WSE arereferenced to the EGM2008

o Shifts of local geoids vs. EGM 2008 geoid were applied to align gauge and
SWOT reference frames

Station Reference (m) Difference (m)
Bodensee - Obersee CHGe02004 (LHN95) 0.1481
Léman - St Prex CHGe02004 (LHN95) -0.1161
Garda - Peschiera del Garda Italgeo05 (E00) -0.0160
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Best results

PYbOZbt
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tO High Pearson correlation of 0.99 ..
and R2 of 0.98
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10 Very similar values ofNMAD (3.2
cm) andSD (3.0cm) ¥ no outliers

0 Temporal outlier removal -
increases correlation and R? by
2%, smoothing the time series
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Time series of SWOT data and hydrometer data
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Conclusions - SWOT water level monitoring

to Strong correlation between SWOT and hydrometric timeseries
(average correlation coefficient 0.923 R?: 0.854)

to NMAD of 5.8 centimeters , high precision after cal/val phase

to To be investigated: high positive median (reference frame issues?)

Lake Mean [m] | Median [m] | NMAD [m] | SD [m)] r R?

Lake Bodensee 0.405 0.384 0.079 0.136 | 0.888 | 0.788
Lake Garda 0.570 0.584 0.061 0.096 | 0.892 | 0.795
Lake Léman 0.302 0.301 0.032 0.030 | 0.989 | 0.978
Average 0.425 0.423 0.058 0.088 | 0.923 | 0.854
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Conclusions, outlooks
take-home message



Conclusions

A GEDI demonstrates strong potential for large-scalemonitoring of:

1. inland water levelswith high precision (14 cm)and accuracy (35cm)
2. glacier surface elevation swith very high correlation (0.999

A SWOT confirms the capability of new-generation sensorsto deliver precise
(5.8 cm) measurements of inland water levels at global scale, despite
current biases

These missions can complement and integrate in situ data, combining local
Information with large scale coverage and temporal continuity



Outlook and take-home message

6 GEDI operations resumed in late 2024, continuing through the ISS _s
lifespan (until 2031?)

6 Investigations needed mainly for SWOT (but also for the GEDI _second
life_)
6 water masks
6 biases
6 non constant orthometric  heights (up to 5 cm for Lake Michigan, up to
30 cm for Salar de Uyuni, Bolivia)



Outlook and take-home message

- Vertical consistency is crucial for water cycle (and sealevel)
monitoring , from local to global scales

- There Is a strong need to Integrate geodesy and water
sciences, including remote sensing, to improve monitoring
and modeling capabilities
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