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selection cleaning to extract
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° 0.7 m accuracy worldwide




‘ TCARTA Satellite Derived Bathymetry Methods

Random Forest Model Band Ratio Method
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Teller ICESat-2 Collection
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Depth Range

0.35m - 29.28m

# Data Points

29,435

DOl

2018-2022

Vertical Datum

EGM2008

12,000

10,000

8,000

Count

6,000

4,000

2,000

©

0 — .
PN P R S . P Sl Ll

Distribution of z_msl

B S G AP A L AP S St o

z_msl

Mean : 2.05876

Port Clarence

Wy

Red
Mauntain

Brevig Mission i

®

Teller ANY




( TcARTA _'magery o~

(1) Planetscope 3 m

(2) Sentinel-2 10 m 621 images | 1 Composite

95 images | 43 Mosaics | 1 Composite
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”i:\ TCARTA !n-situ Data log

(2) NOAA (ingested in 2020)
2019 USACE NCMP | Topobathy Lidar Start: 2019-07-09 End: 2019-07-28
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(3) NOAA (ingested in 2017-2018, 3 datasets in ellipsoidal reference)

NOAA MBES | 474085 H12798 Start: 2017-07-12 End: 2017-08-31

NOAA MBES | 474301 H12800 Start: 2017-07-21 End: 2017-08-23

NOAA MBES | 474299 H12799 Start: 2017-07-21 End: 2017-08-29



https://coast.noaa.gov/dataviewer/#/lidar/search/-18130582.47381554,9135417.477679107,-17694095.778921053,9560107.234873746/details/8837
https://www.fisheries.noaa.gov/inport/item/59331
https://drive.google.com/drive/folders/1zeraPl9pahuRYU-OTh_sAObOrZPFxOoM?usp=sharing
https://www.ncei.noaa.gov/maps/bathymetry/
https://www.ngdc.noaa.gov/nos/H12001-H14000/H12798.html
https://drive.google.com/drive/folders/1mMlqXq0JW3a4gjVXe5ZJJyvpGJ1JNYlj?usp=sharing
https://www.ngdc.noaa.gov/nos/H12001-H14000/H12800.html
https://drive.google.com/drive/folders/1Q7Tt7eXXXQ8eHmocV1p-tNNls29X1VeX?usp=sharing
https://www.ngdc.noaa.gov/nos/H12001-H14000/H12799.html
https://drive.google.com/drive/folders/1hmYUz8PI86czw4noY32Jebb_XMWyKns3?usp=sharing

IGS GNSS | GPS Network ‘4 sources’ of vertical (geometric) reference frames

Alaska, The Great Frontier &
H = Orthometric Surface /7
Best to use for the creation of SDB due to the o
water surface generally exhibiting a salient tilt Ve
when ellipsoid heights are used, Parrish A
though, not ‘ideal’ in Alaska: /
. Gravity model updates NOAA NSRS CORS Network C ) A
GRAV-D ~ 2025 - GRACE S /\
. Lack of tide gauge information N Topographic Surface

. Lack of standardization of tide gauges
and a connected network

. Extreme tidal variation: between daily
tides and locations themselves in AK

Sea Surface
Tides can fluctuate ~30 ft in dual
sequences, daily

- — N~
Ellipsoid, h = ellipsoidal height
An averaged, smoothed mathematical
representation of earth

Geoid, N = geoid height
Gravity model mostly representative of true gravity in all areas of earth -
the datum that can be closely tied to what ‘MSL is as a datum’ analogous
to most locations. Although MSL does not equal this.

= “Grandpa’s” tide gauge staffs buoys - gauges
_— Used for centuries by native inhabitants
h R\ “We’ve always done it this way”

A

Geodetic

Ellipsoidal

Orthometric

Tidal - primary element of survey control

NOAA NWLON | NBDC
Temporary & permanent tide A

=D
N\
NOAA VDatum
H=h-N NOAA NGS Toolkit

Citation


https://www.researchgate.net/publication/349187005_ICESat-2_Elevation_Retrievals_in_Support_of_Satellite-Derived_Bathymetry_for_Global_Science_Applications
https://www.ngs.noaa.gov/GRAV-D/pubs/GRAV-D_v2007_12_19.pdf
https://grace.jpl.nasa.gov/
https://vdatum.noaa.gov/
https://www.ngs.noaa.gov/TOOLS/program_descriptions.html
https://www.researchgate.net/figure/The-difference-between-the-orthometric-and-ellipsoidal-height_fig1_324988344

Alaska, The Great Frontier

Resources

1. NOAA LT Bart Buesseler
Using Water Levels in Alaska

Tidal Concurrent Tidal Measurements
TCARI or zoned tide files: reduce data to MLLW based on timestamp: NWLON or NBDC station for tides, NTDE

Ellipsoidal Referenced Separation Models
Separation model (surface) to reduce data to MLLW based on position

VDatum Does not work in Alaska
TSS - topography of the sea surface: ortho-tidal offset | NAVD88 - LMSL, MLLW
Transformations between tidal and geodetic datums

Poor Man’s VDatum local tidal benchmarks (where the water is) + the geoid (where the water should be ~MSL)
= TSS (topography of sea surface) + ellipsoidal heights, ERS = PMVD solution, SEP coverage with minimal
curvature interpolation

“Tidal datums are the infrastructure on which the maritime community operates”

1. Alaska, DNR
Alaska Tidal Datum Portal USGG2012 with GRS80 Ellipsoid

TCarta Workaround

Creation

. Ellipsoid-Spheroid | Calibration and
Elliposdal | ICESat-2 & Images —D ) —D Validation of in-situ data (MBES, SBES, ~

Topobathy lidar)
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Using Water Levels in Alaska

Gravimetric Geoid | Final SDB Surface
—D approx in reference to local MSL,

Alaska


mailto:Bart.O.Buesseler@noaa.gov
https://legacy.aoos.org/wp-content/uploads/2018/06/12_UsingWLs_NOAA_OCS.pdf
https://tidesandcurrents.noaa.gov/nwlon.html
https://www.ndbc.noaa.gov/
https://vdatum.noaa.gov/
https://nauticalcharts.noaa.gov/learn/docs/ellipsoidally-referenced-surveys/riley-greenaway-wood-poor-mans-vdatum.pdf
https://dggs.alaska.gov/hazards/coastal/ak-tidal-datum-faq.html
https://legacy.aoos.org/wp-content/uploads/2018/06/12_UsingWLs_NOAA_OCS.pdf
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Coastal Feature identification and Temporal changes in backscatter values(feature wise) during HT & LT Tidal/Temporal Change in Mean E:)aiigfsc(a\gfu(tiﬂ)g;';reesaff Shoreline, Sandbars and Water
STUDY AREA: YAKUTAT BAY

@ 15 Sept 2022 (Low Tide overlap) @ 24 Sept 2022 (High Tide overlap)

15th Sept 2022, 6:00am

24th Sept 2022, 6:00am
(Low Tide overlap)

(High Tide ovrlap) ¢

Water with surface
roughness due to waves
Calm water

: St ) shoreline during, risin:
Clearsandy i iy tide g
shoreline : Temporal stack of Low
tide and High tide image
(Purple areas depict
high backscatter during
LT from shoreline, and
sandbars.

§ \ depicting

3 \\ { shoreline during
Sandbars iy £ ¥ 1 3 ) ) HT and surface
roughness due to
waves in water )

High waters with
wave roughness &
submerged

sandba
Baskcatter range (sigma nought¥

<2289 -14.17

Baskcatter range (sigma nought)

<-25.47 -12.78

2-5.%




TCARTA _High and Low Tide for Yakutat, Alaska

15 Sept 2022 (Final Low Tide Line) 24 Sept 2022 ( Final High Tide Line)




h.and Low Tide for Teller

Single Mean Low Tide Line Single Mean High Tide Line
(computed from 2 LT images) (computed from 4 HT images) Mean LTL & HTL Overlay
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| TCARTA Shoreline change after Typhoon Merbok
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Capella SAR

- 1.5 mto 1.6 m resolution
- Accuracy of +/-5m

- Shoreline change of 0-25 m across the low tide line

NOAA/NOS/CO-OPS
Legend Observed Water Levels at 9468756, Nome, Norton Sound AK —_—
23 August 2022 Low Tide From 2022/09/01 00:00 GMT to 2022/10/01 23:59 GMT
30 September 2022 Low Tide 12.5 12.5
Saturday, Sep 17 2022, 18:36 GMT
Predictions: 1.306ft.
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Cl-c ARTA Planet Composites
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Mid tide composite

Composites created based
on metadata parameters

Tidal range
[llumination Azimuth
Turbidity

Cloud Cover Percentage _ i _
Edited lllumination Azimuth




TCARTA Sentinel-2 Percentile 10 Composites e

2018- 2019 May - Oct 2017-2019 June - Sept 2018- 2022 June - Sept
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CARTA Planet Results 3m
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ICESat-2 70/30 QAQC Multibeam Sonar QA QC
Interval ME  MAE MSE RMSE MAPE — e
0.36m - 3.28m 0.01 0.227|0.126| 0.355 | 14.439 I

Om - 3.79m -2.978 | 2,981
0om-1m 0114 0142 0.057 | 0.239 | 15938

om-1m 3115 3115
1m - 5m 0.036 0.243| 0.12| 0.346| 13.74
5m - 10m 2535 2535 | 7.691| 2773 | 93.891 Tm - 3m 2475 | 2,485

MSE
10,679
11.168

7.667

RMSE MAPE
3.268 | 84.68
3.342 | 82.382

2,769 | 61.028

LIDAR QA QC

Interval ME MAE MSE RMSE MAPE

0Om -7.0m 1,786 1,933 | 5.637| 2374 | 158,629

Om-1m -1.273|1.273 | 1.671| 1293 62662 Teller
m - 5m 1.56|1.658 | 3.978| 1.994 128.092

5m - 10m 4,533 | 4,533 | 21.361 | 4.622 453.671

Teller/Port Clarence
Study Area

Brevig Lagoon

Port
Clarence

Port Beauclerc




Sentinel-2 Results 10m
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ICESat-2 70/30 QAQC Multibeam Sonar QA QC LIDAR QA QC
ValUE (m) Interval ME MAE MSE RMSE MAPE Interval ME MAE MSE RMSE MAPE Interval ME MAE MSE RMSE MAPE
= 0.36m - 8.28m 0.007 | 0.209 | 0.109 | 0.33 | 13.468 Om -7.0m 1.949 | 2053 | 5568 236 16823
4.58 Om - 3.79m 2,503 | 2,506 | 7.177 | 2.679| 84.15
om - 1m 0132 0,155 0.065 0.255 16507 om-1m 1,202 1.202 1508 1228 61167 =
_— om -1m 2434 2434 6454 254 T9.656 N Teller
Cldﬁ' im -5m 0.037 | 0.215 | 0.094 | 0.307 | 12.402 im-5m 1.834 1.899 | 4635 2.153 151.708 y’
5m - 10m 2554|2554 8.406| 2899 91671 1M -5M -2181|2.189| 5.218| 2.284| 60.887 5m - 10m 4,376 | 4.376 | 19.431 | 4.408 | 424.007

Brevig Lagoon

Teller/Port Clarence
Study Area
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