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LatMix 2011: Rhodamine Experiment 1
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2004 Dye Lidar Proof of Concept
(Sundermeyer et al., 2007)

e TwoO near-surface releases:
5 kg Rhodamine WT injected
In a continuous streak.

 Dye mapped over 1-2 hours
using fluorometer & CTD
towed from ship, plus airborne

LIDAR.
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Dye Streak as Viewed from Airborne LIDAR, FL 2004
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Inversion for Absolute Dye Concentration
(Terray et al., 2005; Sundermeyer et al., 2007)

Laser channel: .
—2[aps3C(2')dz’
l532(2) = Is532(2) € ©

— C(2)= L 0 In(|5532(2)j A
20p532 Az \ 1532(2) £
Fluorescence channel: &
0
—2[(apC(z")+kg)dz’
1(z)=PC(z)e ©
dC 2
— —apC-—-g(z2)C =0 R
— 4 %D g(z) :
: 1 dI z
e g(z) = | 580 +Kkg (2) 2
580 Z

Combining the two, obtain absolute dye concentration:

C =C(zCy,ap, ks (2), 1580(2)) &2 =|1 ~ 1589/ +W|C —Cs3]°
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ONR LatMix 2011: Jun 1 — 21, 2011

MOAA 19 AUHRE 55T (C), 04 Jur- 2011 1&8:15:00 UTC
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ONR LatMix 2011: LIDAR Surveys
NAVAIR LIDAR System Specifications

.. Across Track Res is
@ f(scan speed, PRF)

Swath Width is

f(scan angle, Alt) _ T

&S
‘I’ Along Track Res is
.‘.‘ ‘4" f (scan speed, A/C speed)

» 480 nm Ti:Sapphire laser » 10 m horizontal resolution
» 1 kHz rep rate » 1 m vertical resolution

» 30 ns pulse chopped to 10 ns e 200 m swath @ 300 m alft.

* 1 mJ per pulse (0.2) » 100 m/s along-track
suzois  © 2 receive channels
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ONR LatMix 2011; June 15, FIr5

Ship Tracks Ending:15-Jun-2011 03:18:51h GMT
Last Position R/V Hatteras:32.6597.-73.1701; ADCP depth bin for advected ship track = 35 m
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ONR LatMix 2011; June 15, FIr5

Ship Tracks Ending:15-Jun-2011 03:18:51h GMT
atteras:32.6597,-73.1701; ADCP depth bin for advected ship track = 35 m
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ONR LatMix 2011: June 15, EIr5 +
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ONR LatMix 2011; June 16, FIr6, 6a
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LatMix 2011: June 16, FIr6, 6a
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Inverting for Absolute Dye Concentration (pph)

Assume
e downward propagating

Gaussian laser pulse .
 exponential attenuation in | (2',1)=1 (0 t._z./c)e‘ém“%dz"

seawater
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Inverting for Absolute Dye Concentration (ppb)

iog,l E'(c,ai_\.l'\.l‘fBIue (W)
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Summary and Conclusions

Airborne lidar provides unprecedented view of fluorescent dye
dispersion in the ocean at scales unavailable to ship-based in situ
measurements

Full waveform inversion reveals 3-D structure in water of dissolved
constituents

Ongoing Work

Explore other lidar applications in coastal waters in tandem with
ship-based methods — coordinate mapping/survey activities with
academic research

Explore value-added water-column products using full-waveform
lidar data — interested in collaboration / feedback regarding optical
Inversions and visualization
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2015 LIDAR Worksho

® july 21st - 22nd 2015 ® Lowell, MA |

The University of Massachusetts Experimental Center for Environmental Lidar
(EXCEL) center invites you to the 2015 LIDAR Workshop on July 21-22, 2015. Our
goal is to bring together a diverse audience comprising expert users, manufacturers /
Industry and novice users from academia, industry as well as funding agencies.

Topics include environmental applications in
terrestrial, oceanographic and atmospheric LIDAR.
The workshop includes panel sessions, research
presentations, poster displays and a LIDAR short
course.

Register at:
http://www.uml.edu/Research/LIDAR-Workshop/
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Inversion for Dye

Concentration

(Terray et al., 2005;
Sundermeyer et al., 2007)

Depth (m)

» Green and fluorescence
channel inversions show
3D structure of dye streak
on scales of meters to 1 km

80,076 80074

» Overall detectability for both
channels between 0.5-2.0

pph.
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» 20,000 LIDAR profiles per
overflight vs. ~200 In situ
over entire experiment
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Inverting for Absolute Dye Concentration (pph)

iog,l E'(c,ai_\.l'\.l‘fBIue (W)

Isgnonlin iter 364 - 15-Jun-2015 17:41:02
ki 0 ‘ : 0 : 0
s i Jﬂﬂﬁf& A ol e D] e SR e il e e 10 s ammerna
2.68012.68012.68022,68032.68032, 2.68012.68012,68022.68032 68032.6803 : ;
time(secofweek) )(10"' time(seﬁo{week) X1Or' 20 S 20 ......... P 20 B A S b syl o
Subsample of Blue waveforms Subsample of Green waveforms PO et e e = 1 £ B pmsmmmnnsmis
' 1] — 1 = i £z £
B 4o pre— | S B 40
o : o =]
,_,20 50 SRR 50 SO
E 30 £ 3@
o 405 @ 407 : :
Sl 70 : : 70 i 70 ‘
= 0 10 20 10° 10°
= C(z o]
, 7ol = , Cmax (;gp)bspp ) zc (m) c(m)ld(z) Wty g (1/m) asﬁ%%faclb(z) WsFfac
10° 10" 10° 10° 100 0.034 4
BLUE cal_WfBlue GREEM.cal_WfGreen
06152011_022616_022648-022718 %0 * e . % —
32665 - 50 40 5 0.03 2 g 102
g 0.028 1 8
) — 20 0 0.026
SFz0 (m) SFs BTfac Idnf (W) Ibnf (W) E, sfac
” 10" == g4
2 = 0.03 g g ®
& 310 & 10 & 10
0 R W 002 — w w W
2 g 0o g g g
. :

Un-Advected Lat (deg)

JALBTCX

3253 1 1 1 L 1
6/18/2015 73768 TRIBTRIEI5
Un-Advected Lon (deg)

Sundermeyer




Inverting for Absolute Dye Concentration (pph)
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Using Airborne LIDAR to Survey Dye Release Experiments

Goal:

» Use airborne LIDAR to survey dye release experiments in 7YY
upper ocean and pycnocline.

Various downward-looking LIDAR systems exist:

« Bathymetric LIDARS for near-shore coastal mapping
« Custom systems for various applications

Depth penetration 0.1-50 m
A Sy, <& Aircraft speed 125-175 knots
B ——— . Y Operating altitude 200-400 m
JALBTCX i ™ (S S - |
6/18/2015 , || ' Swath width Variable to 0.58 x alt.
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2004 Dye LIDAR

Proof of Concept
(Sundermeyer et al., 2007)

Two near-surface releases
of 5 kg Rhodamine WT
Injected in a continuous
Streak.

Dye mapped over 1-2
hours using fluorometer &
CTD towed from a ship,
plus airborne LIDAR.

Ship survey
tracks
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