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Basis of the method

Laser pulse of energy N, is sounding the sea surface in the direction, closely to vertical line. To the
depth z it is coming energy equals to
N = Ng-exp(- Kyzs5 2),
where K., - vertical attenuation coefficient.
A layer of water with depth dz scatters back radiation of energy that equals to
dN3s5 = No-€Xp(- Kygss 2)- Bass dz
where B, — backward scattering coefficient by elementary volume of water at A=355 nm.
Scattered back (BS) by elementary layer and reached to the surface energy equals to
dNgs = No-exp(-2 Kzss 2)- P3ss 02
Full energy scattered by semi-infinite sea medium in the direction back to the laser beam follows:
(after integration by z):
Ngs = No' Bass - 1/(2Kzs5)
Portion of energy having hit into the photo detector considered by introduction of multiplier G
Ngs = No Bass -G -1/(2 Kj355)
Here G — «geometrical» factor, it is dependent on the altitude of the lidar above the sea surface, the

slope angle of laser axle to the horizon and to the border “water-air” plane and etc.



Basis of the method

The energy of the pulse of Raman scattering that reached the receiver (i.e. N;¢) equals:
Nrs = NoYrs G- (K05 + Kggss)

where y,¢ is a constant, which is defined by Raman scattering of water medium.

The concentration of TSM estimation can be made on a basis of lidar measurements by the
following way. As follows from the formulas shown above for N and Ngg, quotient after their division
one on another equals to B,,/vgs (taking into account that 2o.,.c = (055 + 0405)). From that here is the
following equation:

Bass = K Ngs/Ngs
where k — a calibrating coefficient.

Suspended matter concentration we suppose is proportionate to B,.,, i.e. backward scattering
coefficient of the medium at this wavelength, with the deduction of backward scattering being created
by the “absolutely pure” sea water.



Limitations of the method:

Foam on the sea surface - OK
Bubbles in the water - OK

Fog and aerosol in the air on the
way of laser beam - NO WAY

Difficulties for airplane
applications -




LIDARs UFL series
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Principal optical scheme

of the compact fluorescent LiDAR UFL-7

1- laser; 2- coaxial system; 3- energy pulse detector; 4- objective; 5-
diaphragm; 6- collimating optics; 7- beam splitter; 8,10- dichroic filters;
9,12- photomultipliers; 11- attenuator
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UFL-9 LIDAR specification:

« Excitation laser wavelengths — 355 and 532 nm
* Pulse repetition rate — 2 Hz

* Pulse energy —2+2 mJ

* Pulse duration — 6 ns

» Telescope clear aperture - 140 mm

« Working distance range — 1.5+25m

* Receiver central wavelength, transect mode -
355, 404, 440, 685 nm

« Additional spectral channels - 385, 424, 460, 499,
532, 620, 651 nm

« Dimensions, weight — 800 x 550 x 250 mm; 35 kg

» Power supply —220 AC /12 DC

» PC-controlled, GPS geo tagged

« Water-proof housing, working at any weather or
sunlight conditions




OcHOBHble NapaMeTpbl pryopecueHTHOro nuaapa Y®J1-9

Cny4aiiHble ¥ TIOJIHBIS
MOTPEITHOCTH U3MEPECHHI
KOHIICHTpAIi XJ0poduiuia
«a» [Mkr/mn], OOB [Mr/a] u
B3BECH [MI/JI] TugapamMu
Y®JI-8 u YODJI-9:

JlnmuHa BoyIHBI J1azepa — 355, 532 Hw;
Yacrora 3onaupoBanus — 2 1'1;

DHeprus 30HAUpYyroIIero ummyinsca (355 am) — 1,5 mJIx;
JUTUTENbHOCTD 30HUPYIOLIErO UMITYIbca — 6 HC;

Bxonnas aneprypa npueMauka — 140 mm;
JlnamnasoH nanbHOCTEN paboThl — 2—30 M;
KonnyecTBo onTHUecKUX KaHAIOB MPUEMHON CUCTEMBI — 4,
[TocTostnHbIE ciekTpanbHble KaHalbl — 355, 404, 440 HwM;
CMeHHbI€ CIIeKTpalibHbIE KaHaJbl TPUEMHUKA B Typenu —385, 424,
460, 497, 550, 620, 651, 685 HwMm;
Bec npubopa, rabaputsr — 35 kr, 700x500x230 MM;

JUAITA30HBI U3MEPAEMBIX BEJIMUMH

KOHIIEHTpALKs XJIOPODUILIA «a», MI/M3 0,01-+400;
KOHIIEHTpALKs OOIIEro OPraHudecKoro yriepomaa, Mr/ms 0,1+100;
OKpPAIIEHHOE OPTaHHIECKOE BEMECTBO (Ap0p 440)> M 0,003+10;
coJiep >KaHuE B3BECH, MT/JT 0,1-500;
TOJILIIMHA CJIOSl 30HIUPOBAHUS, M 0,1-10.
TlHa cepu, Xnopodpumn «a» 0O0OB B3Bech
T Ax,; % Ax % Ax; %0 Ax % Ax.,; % Ax %
3 (peskHM 12 16 2.5 10 3 10
paszpesa)
10 (pesxum 6 11 2.5 10 3 10
CTAHIIUH )
20 5 11 2 10 2 10
100 3 10 1 10 1 10




Mapping water quality parameters, using any kind of research vessel — from the ocean
cruise ship to inflatable boats

LiDAR UFL-9 obtains with
2Hz sampling rate:

- Ol slick detection and

estimation of oil film DOM (relative units). Ashamba river, Black Sea, May 2007.
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An example of 12-hours section, made by UFL-8 onboard R/V “Akademik M.Keldysh” in
54th cruise in the Kara Sea, 2007.
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DOM

l42 [25.00.07 [10:31:31 |val: 2.6334  [%:4349.8013 [v: 4538.8179 |

Chlorophyll

[3fz [25.09.07 [10:31:42 |val: 0.18622 [X: 4349.8354 |v: 4538.8013 |

[2/1 [25.00.07 [10:32:02 |val: 1.3922  [%: 4349.9028 [v: 4538.769 |



UFL-9 tank experiment, cooperation with Balaton Limnological Institute, 2012

32 <0.10 128.39 24.21 2.62 39.39

11 0.003 0.122 0.013 0.007 0.024

32 0.01 377.88 44 .86 3.31 96.47
7.24 x UFLgg + 57.07 0.96 <0.001
451.97 x UFL,,, — 1.50 0.97 <0.001

0.003 x UFLggs + 0.04 0.92 <0.001



UFL-8 calibration, the Kara Sea, 2007

LIDAR UFL-8 measurements
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UFL-8 calibration, the Lake Balaton, Hungary, 2008

A Sample points

- Wetland
:l Catchment

| Elevation [m ASL]
- 600

T wesoN
T

Suspended matter (samples), mg/l

35

30

25

20

15

10

Suspended matter

y = 0.07X
R?=0.90 .

»
*

100 200 300 400
Suspended matter LIDAR, optical units

500




C.1I.

79

UFL-9 calibration, the Kara Sea, 2011
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UFL-9 calibration, Riu-Grandi, Brasilia, the Atlantic Ocean, 2016
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Total Suspended Matter (MODIS Terra & Lidar), 10.09.08.

Suspended sediment




Total Suspended Matter (MODIS Terra & Lidar), 11.09.08.

Suspended sediment

5
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Total Suspended Matter (MODIS Terra & Lidar), 12.09.08.
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Correlation between MODIS band 1 and UFL8 TSS measurements
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Small-scale variability of chlorophyll, CDOM, and suspended
N matter in the Lake Balaton as obtained by shipborne UV

fluorescent lidar UFL-9

Mean, m
Max, m
Min, m
RMS, data
RMS/10

CHL

5.1
32.6
13
1.18
0.12

6.8

72.4

1.3
0.00154
0.00015

07.06.2012 Patchiness, scales

TSM

37.5
332.1
13
6.01
0.60




LiDAR UFL-9.
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Mzymta River plume, the Black Sea, 2013
LIDAR UFL-9 DOM, chlorophyll, TSM simultaneous measurements
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Thank you!




