Remote sensing of shallow-water bathymetry:

Leveraging multispectral satellite ocean color observations
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Question and Objective Performance Evaluation Bathymetry from Satellite Images
Ocean color satellites allow for derivation of Important biogeochemical 4 Hyperspectral R.(1) data are synthesized to cover a wide range of depths three\ Olowalu coral reefs
properties for global oceans. Limited to multispectral resolution, however, it YPETSP rs y L J PIS, Vet
remains difficult to aenerate aeophvsical oroperties. e water denth. over benthic types (coral, seagrass, and sand), and turbidity. These R (1) data are then L8 [ o B Maui " v
ger geophy Properties, €.9., pth, - OVE interpolated to represent the measurements for Landsat-8/0OLI, SNPP/VIIRS, and 7 N EERC Great Bahamas Ban
global shallow waters with the satellite remote sensing reflectance (R,(4)). This Sentinel-3A/0OL C ' %y,
study evaluate a new algorithm for practical application of multispectral ocean ”%
color observations to the retrieval of water depth for optically shallow waters. Parameters Range (interval) Levels ;‘j)“::j;ary ggg:;ary Initial value
: P 0.01-0.19 (0.03) / P, 0.005 0.35 0.072-[R,s1(443)/R 4 1(550] 162
Landsat-8 SNPP Sentinel-3A G 0.01-0.19 (0.03) 7 G, 0001 06 0.072[R . (443)IR . ,(550] -2 e
Ocean color sensor OLI VIIRS OLCI X 0.001-0.019 (0.004) 7 ’ ’
Visible bands 443, 482, 561, 655 410, 443, 486, 551, 638, 671 400, 413, 443, 490, 510, 560, 620, 665, 674, 681 ¥ 05295 (10) 20 X, 0.0001 0.08 30-a,(670) ‘Ry,(670)
Revisit 16 days 1 day 1-3 days . _'O 5_2' c (O- 5) . P, 0.005 0.35 0.072-[R,5 ,(443)/R, ,(550] 162
Data access USGS NOAA NOAA —— ]
Processing software __ SeaDAS/L2GEN __MSL12 MSL12 o S . G, 0001 06 0.072[Riso(443)/R;5 (5501
i i - i 2 X, 0.0001 0.08 30-a,,(670) R, ,(670 . .
Atmospheric correction NIR-SWIR NIR-SWIR NIR B: coral 0.005, 0.05, 0.1 3 : 2(070) ‘Ris2(070) d Olowalu Reef (Maui, Hawait)
B: seagrass _ 0.01,0.035,008 3 B 0001 08 05 |
B sand 0.1,0.25 0.6 3 H 0.1 30.5 10 Landsat-8/0OLI LIDAR
. Bott Ib d t 48.50'F LS 48.50
Method ana Algorlthm 3 R % The bottom albedo spectra for coral, | |
. . . 25/~ |~ Cora seagrass, and sand were derived from 20N | S 20°N e 5
- —=— Seagrass 48.25'| EREma 48.25
d Semi-analytical approach designed for hyperspectral R, (A) 1 iif"é‘EA Hochberg et al. (2003).
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Ocean color community has invested great effort in shallow water remote sensing with
semi-analytical algorithms. An extensively tested algorithm 1Is the so-called

¢ 2-SOA uses a fixed bottom albedo spectrum LR
(bright band) (Lee et al., 1999). :
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hyperspectral optimization processing exemplar (HOPE) (Lee et al., 1998; 1999). A | < 2-SOA used fixed lower and upper T e =W
shallow-water reflectance model is established as: | | constraints and dvnamic initial values. » e
) _ . 400 500 600 700 4 Error statistics for Landsat-8\OLI bathymetry and LIDAR data:
1 Dy(1+D,u(3)” - e / MAPE = 40%, Bias = —17%, and RMSE = 8.4
r. (1) ~r®(A)-11-exp| - +— : K(A)-H |+ = 0, Blas = 0, an = 3.4 m.
cos g, COS O,
c ] | | 05 . - d Error statistics for model-estimated water depth (0.5-30 m) 3 Florida Keys
o] [ 1 B0
pn P coséd, cosé, Landsat-8\OLI SNPP\VIIRS Sentinel-3A\OLCI Sentinel-3A/OLCI Depth (m) NOAA Coastal Relief Model  pepthm)
. - coral seagrass sand |coral seagrass sand | coral seagrass sand 3 = - - * —— = 20
Five unknowns of P, G, X, B, and H can be determined by quantifying the difference MImPE | A2bb  acte 2Ly 220 SRy L) 2Zup  Zgty L% | - 15
het fhe ob J ¢ pobs () 4 modeled " pmod () Standard Bias | 14% 13% 7% | 6% 18% 2% | 5% 14% 3% " Y
etween the observed spectrum, Ry (), and modeled spectrum, Rys"(2), RMSE | 93 95 60|88 91 46| 83 85 41 2N 1o
s MAPE | 26% 28% 15% | 14% 19% 11% | 14%  16%  10% ~ 5
|:Z(Rmod (A) =R ( ﬁ“)ﬂ Cost Thisstudy  Bias | 1% 1% 3% | 4% 9% 0% | 1% 5% 2% T _
_ s A . RMSE | 8.3 8.7 52 | 1.7 82 40 | 7.2 7.8 3.9 . —_ . . 0
err = Z R (1) function _ 27.00 27.00
A MAPE: median absolute percentage error; RMSE: root mean square error. . _
Error statistics for Sentinel-3A/OLCI bathymetry and NOAA CRM model:
J Two-spectrum optimization approach (2-SOA) for multispectral R s(A) d Depth-specific error statistics for model-estimated water depth MAPE = 16%, Bias = =2.7%, and RMSE =2 m.
Our new _algorlthm mcorporat_es_twc_) Independent Rts(/l) spectra measured at_the same andsat-8\OL| SNPP/VIIRS Sentinel-3A/OLCI 9 The Bahamas
location In the spectral optimization, thus allowing to generate much improved
estimation for water depth with multispectral satellite ocean color observations. The 300 T S ey 40 e e SNPP/VIIRS et () Sentinel-3A/OLCI Depth (m)
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[P1, Gy, X1, B, H] == RI¥(A) | |[P2 Ga Xo0 B, H] == RS (4)

rs,1 rs,2

Error statistics for SNPP/VIIRS bathymetry and Sentinel-3A/OLCI bathymetry:
MAPE = 9%, Bias = 8%, and RMSE = 0.57 m.
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> RE(4)+ > RY;(4) function
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30 d A new algorithm is developed for shallow-water bathymetric estimation for
l Depth (m) Depth (m) Depth (m) multispectral satellite ocean color sensors.
P,, G, X, P,, G,, X,, B, H The algorithm performance varies with the range of water depth under study. d Evaluation shows substantial improvement in the estimated depth product

Improved performance is observed for water depths over ~3-20 m in comparison to
the “standard” approach.

over 0-30 m.

P: phytoplankton light absorption; G: CDOM light absorption; X: particle backscattering; B: bottom albedo; H: depth

Acknowledgment: http://www.soest.hawali.edu/coasts



