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Abstract

Abstract

Since 2007, the Yellow Sea green tide has broken out year after year, which has
caused great harm to the coastal ecological environment and aquaculture. It is
characterized by the difficulty in monitoring the early origin process, long drift time at
sea, and rapid change of drift velocity and biomass. Therefore, the traditional methods
are difficult to carry out high-precision and emergency monitoring. If the biomass of
green algae attached to raft and the drift state parameters of the green tide can be
estimated with high accuracy, it will be of great significance for the prevention and
control of disaster and accurate early warning.

Using the research ship deck as the Unmanned Aerial Vehicle (UAV) landing
platform, this paper applied high-precision UAV remote sensing to the research of
green tide. At the same time, combined with satellite remote sensing, field survey and
other means, the methods for biomass estimation of green algae attached to
nursery-nets and raft rope were proposed on the early development of green tide. For
the drift stage of green tide, firstly, a novel vegetation index, namely, the
Red-Green-Blue Floating Algae Index (RGB-FAI) using RGB images captured by
UAV was developed for green-tide detection; Then, by using RGB-FAI, the Ulva
prolifera biomass estimation model was constructed, which was applied to the
estimation of green-tidal biomass from UAV aerial images. Finally, based on the
dual-phase orthophoto of the green tide obtained by the ship-borne UAV, the
green-tidal velocity was estimated and analyzed. The main conclusions are as follows:

(1) In 2017, the biomass of green algae attached to nursery-net of raft on the
Subei Shoal was 8877 tons, and the biomass of green algae and U.prolifera attached
to rope was about 2981 and 447 tons respectively. From 2011 to 2013, the biomass of
green algae attached to raft rope was 7617, 4132, and 3465 tons, of which the biomass
of U.prolifera was 2774, 1672, and 2137 tons, respectively. The biomass of

U.prolifera attached to rope from 2011 to 2013 was basically consisitent with that of
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the initial coverage area of green tide in the inter-annual change trend. (2) the
RGB-FAI performed well in the detection of green tide from UAV-based RGB
imagery and the accuracy was satisfactory (kappa=0.95). It is worthy to note that
RGB-FAI has the highest extraction accuracy (kappa=0.93) among these competing
indices for the declining green tide under a hazy atmospheric condition.(3) The
green-tidal biomass in different growth stages were estimated by UAV remote sensing,
and the results showed that the maximum value of RGB-FAI of green-tidal pixel
decreased from 61.9 in the outbreak period to 44.1 in the decline period, and the
biomass density also decreased from 0.92 kg/m? to 0.52 kg/m®.(4) The green-tidal
velocity of three sites estimated by UAV remote sensing were 0.256, 0.439, and 0.257
m/s, respectively. The drift direction was basically consistent with the tidal current of
M., at 1=-62<to the right of wind direction. The UAV remote sensing method with
high spatial-temporal resolution can help calibrate the results of satellite remote
sensing such as GOCI.

Based on the application of UAV remote sensing in marine scientific investigation,
the high-precision estimation methods were carried out on the biomass of the green
algae attached to the raft and the drift state parameters of the green tide. The paper is
expected to provide new technical means and more accurate quantitative data support
for the related research of green tide, as well as scientific support for the precise
prediction, warning and control of green tide disaster.

Key Words: Green Tide, Remote Sensing, Biomass Estimation, UAV, Drift Velocity
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Figure 1.1 The green algae on the Yellow sea and on the coastal zone
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¥ (@) 2019 4E 7 20 H, Higc AWUAHE 175 B HE#EE: (b) 2016 427 H 6 H,
TR
Note: (a)The photo taken in the Jiaozhou Bar of Qingdao by unmanned aerial vehicle (UAV)

on July 20,2019; (b) The photo taken in coastal zone of Haiyang on July 6, 2016.
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Figure 1.2 Illlustration of the development stage of green tide
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Figure 1.3 Three main development stages of the Yellow Sea green tide
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Table 2.3  List of satellite images used for raft extraction

FREOTHRERE  BERRE BB PEREK

2011 4F W15 2011-03-30 30
2012-04-02
2012 4F W15 30
2012-04-23
2013 4F Wi 15 2013-01-28 30
2017-01-24
ma e 16
2017 4F 2017-03-02
e 2 5 2017-02-28 10
SR E T EEEGAE, HYe, R ENVI B BE AR TR ST Ehr
KRAKIESBFH# S UG AN, JHER RSS2 prid i e R 22, 4
— T E IBIRAR bR 2 WGS_1984 UTM_ZONE_51N. #RJ57E Arcmap
FIFH B W e Fah IR R SR AR 4R, RIET, X 2R E R “ Georeferencing”
T HBH T ECHE, RERHRERZERQE. s T H XGRS

BEARBAT R B, AU TR R 2R i ], REFIH R BRI RS
PER gt TH, THE SN B SR A IR AR

2.3.2 GOCI £ 1& ¥z

GOCI (Geostationary Ocean Color Imager)51% FH i b S E RS 33 ) (1) £
B, % PRI R E RS, 5 2011 4F 4 AAFAA A s IR AR S E, TR
I 5 E e A dt Chitpi//kosc.kiost.ac.kr) F#, 44465 M 412~865 nm
[¥) 6 AT OGBS 2 MELAM B, TR R VG X %] 2500 kmX 2500 km,
TR PTHRAE M ALSTET A] 8:30 £ 15:30 1) 8 HtiZ /NSRS AG SR, H s 1 IRE)
W, BEMEAIZRMET, HLRE S EER (1 h) FIEEE R (500 m) AT T
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Figure 2.5 The 1-minute average wind vector during operation of three sites
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Note: The selected effective wind period is between two red vertical lines , and two green

label points represent the green-tide drift period photographed by UAV

B, R FTEEEURT LB 1 23 8h T 2O KU, AR RN
I ARTIIEY o SRR EF DI 0 RERER T 408 R 10
MO, T A R

Vi = 7% St V2) (22)
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%

Dir, , = arctan( ...(2.2)

n .
i=1 Vi * cos DlTi)
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Figure 3.1 The green algae attached to raft rope and nursery-nets in the Subei Shoal
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XFECHE S B DI A iy, SR E 22805k, BEOLER . SR
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BTG 2, SREUN A LSRR S 408, WE A FRIRIBE, R ORRGE,
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3.2e) WKEMFIREHFATHIE (B 3.2f 5 @), Si HAMELS, FIWrik iz

32



38 RBRHMERENEEMENGERR

X IR 7 L 5 S 5 e 1 73 R 8 R HET

B 3.2 AT B AR S TR B

Figure 3.2 Extraction of green algae attached to nursery-nets
E: (@) BT IERTG: (b-e) M LIS, KD IPER, () RIGEIE
5 (@) RERAXH
Note: (a) The orthophoto of rafts; (b—e) Classification procedure of green algae and P.
yezoensis attached to nursery-nets; Comparison of (f) original and (g) classified images

at the same scale for one example nursery-net.

TN, K51 A I 61 TR SEMI T HEAT T, A= 7 His
AT I AR AUIAE U AR 8 IE S AR 200 I A MR 1 & S e v
HoA& 7 IERR I U AR AR AE B o 43 03 D) AT 1Y) 61 5K 7, SR A B 23 3071k,
FENLESE, SR RGO =FONRREA, I BORMR S REAT G 3K,
PR AT BSR4 0T, A REERERRGE, RORTFER,
H5EGEB SN, RA ArcMap A4S H R KR SR G R e S8k
Mg EEE, FIHBREERU BB PRET IR, 1HEH 61 KM
LEMRBEH N, 458 N%E 3.1 . H, PARERESE (P yezoensis), G 1Y%
KL (Greenalgae), FAPHF AN K (m?), 61 Gk IIHRIL: G
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#31 61K LEESERER (m?) AFREES R

Table 3.1 The area (m?) of P. yezoensis and green algae on the 61 nursery-nets

No. 1 2 3 4 5 6 7 8 9 10

P 0.07  0.07 024 050 0.17 159 030 030 014 084

G 027 0.14 0.05 1.04 039 006 015 003 044 158

No. 11 12 13 14 15 16 17 18 19 20

P 0.84 1.27 0.78 1.54 0.59 0.32 131 1.01 046  0.55

G 157  0.89 0.39 060 065 097 001 083 077 034

No. 21 22 23 24 25 26 27 28 29 30

P 041  0.60 050 081 076 019 024 008 023 0.13

G 0.83 1.61 1.06 0.42 0.14 1.22 115 098 003 0.14

No. 31 32 33 34 35 36 37 38 39 40

P 036 049 006 119 330 046 039 013 074 0.13

G 145 0.20 0.88 0.18 0.05 119 020 008 0.98 1.56

No. 41 42 43 44 45 46 47 48 49 50

P 0.30 0.21 0.22 0.54 0.42 0.20 0.19 0.16 0.14 0.64

G 1.70 1.10 2.97 0.43 1.97 280 298 200 229 1.50

No. 51 52 53 54 55 56 57 58 59 60

P 040 0.54 0.12 0.21 019 005 041 0.02 0.60 1.22

G 0.19 0.64 0.48 0.51 1.39 0.93 125 033 003 0.65

No. 61
P 0.24
G 0.98

29011, 61 kM, LERPLIA KT S{EZ N 0.5207 m?, KT
AR T IEZ) N 0.8516 m?, P& FIELBIZ) N 0.6115: 1. A 0.6115 1EN
HACIRMERE I R SE 5 a9 i A = U AE Ry.

312 FURMESRTENMGERE

34



38 RBRHMERENEEMENGERR
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R . AR, 2012 4F 12 A % 2013 4 4 A ILRMERD. 17
ARV FZR YD AN IRBA X (4% 8 A A R T 8 o TV 900 2 R 4 SR B X P,
ERARK RIS, VLIRS R RITFREX, 5 R L3 2 8RR
SRR LE BRI AR SR TR IR AL RIS BRI ) SRR X, — AKX R 5 Bl
AR AL FRBA . KRR 2017 4F 2~3 FAEVL 5T RS SR TA X 1 SeHb i A
R I, VLRI R RIS I 7T B A AN P AR AR D R AR 4, SRR KR
RiF (K 3.3). MiEAIEMAIEEX, KEZMEHE THERSNSE (o
3.1, VLIRITFRFRFAIX 5 75 AL ME IR FE X 1 S A7 T AR 5K 7 B AN T

121°0'0"E 121°10'0"E 121°20'0"E

33°0'0"N

32°40'0"N

Bl 3.3 VLIRILR FREH X ¥ = Al o
Figure 3.3 Three survey sites in nearshore aquaculture zone of Jiangsu
B RS AEKRES REF, PL 5 P2 sif ffiidnims (8] 2017 423 H 29 H, P3
b () 2017 4F 2 H 27 H.
Note: P. yezoensis in three nearshore sites grew well on March 29, 2017 (P1 and P2), and

February 27, 2017 (P3).
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313 WFMESEEMENGE
7E 3.01.1 AT AR B IR AL X FRFA N 7 5SS s AR LU AR Ry, W5
AR DX X 755 B A 8 4 A ) e W A
W, = th/R1 ...(3.3)
RATEET T ANBAAR LG Hds, $RELT 61 Tk AT R A e St
BB IR, P9 P I E R LU IR 5 A iRME R 75 b 283 5 I AR St e A )
FIECAY, BETF Gt 4F S8, IF28 R VL IR ) 5 7R AR MR B8 X 4 S B o
AP R E, ZEHnEGh IR R, (55T IR %8 &,
B TS AT R AR SR AR . A5 RN TR 2017 AR VIIR I R ISR
FRHIMRL N 24 297 AW, RIEAX (3.1, BRI R I X 5Tt
FEHEIX B B U 208 6.71, MRAEAX (3.2), (3.3) 54ttt 4 2017
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Figure 3.4 Distribution map of P. yezoensis aquaculture rafts in the Subei Shoal in 2017
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3.5a~b, FOGHEMTR). IFEMAEERN, IR A AR 5 . MR
S B SRR, TR 1 IR AR S 4% [ ] 2 R 2R A (18
3.50). HLHFEEAL M AAK R TR ] 3.5d s, Hh R — Ml 28~32
WA, B (FI9E) w oy 3K, FANMIA oo B MAE4E K2 | 0y 3.8 K;
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Figure 3.5 Distribution of P.yezoensis raft on the Subei Shoal

H: (@ REXHMEERBRLE: (b REXMEANBEARR: (o Mg
A () BHER I RE. (@O 5 (b)) FEREFTRXIEME, A
—HRESE, (d) BT TS w=3m, MTEER I EERMIAE4EIC 1=3.8m, 7T % x=2.2m,
M7 K y=3m, 4L a=10m.

Note: (a) Satellite image of the sampling area; (b) UAV image of the sampling area; (c) the
aerial photos of P.yezoensis raft during high tide periods (d) the distribution pattern for
a single row of P. yezoensis rafts.The area marked by the yellow box in (a) is the same
row as that in (b); (d) w and I represent the width and length of a raft unit, respectively,
x and y are the width and length of a nursery-net, respectively, and a represents the
column spacing. From our field measurements: w=3m,=3.8m,x=22m,y=3m,

anda=10m.

WUPAE—HEREZR R, B PT 7 B TR L -

rl=wsxi/[wxi+ax*({—1)] ...(3.4)
YERHER AR AT R ORI, rd T HGT A
rl=wxi/(wxi+axi) =w/(w+a) ...(3.5)
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FE—SR BT, RS BT o AR EE g
r2=xx*y/(wxl) ...(3.6)
S it TR BB A BRI DR AL iR A A s T A, A v L R A
BRI R AR
N=S*rl+r2/(x*y) ..(3.7)

322 EFERMEZFKEEMENGE
P 7S SR G R BN 4K RE | Dy 3.8 K, SESEFRFAAE AL I — AN AT G
UK LgN:
Ly=2*1 ...(3.8)
S5 AT X BEATLRAE R 238 200 P AR S B A D X1 Wy gfm, U bR 2R
Fr T A S 2 48 B AE S A ) R N

Wy =3, (Ly*W,) ...(3.9)

323 FEEMENFENEYE

BRI LA T 2R AR, SRR B LR YIS 1E 2017 4F 3 A4
DI RFERDL, SR LR EMAT 4 e, OflRvs. 5. s
S54EWE, BESREA R ILEESE R AR E; 25 A TS
[FIAEL S, FEALIM AR SRR A B R T 3 A, HFPSSZ A Rk,
FEAFAE 3 M ASREE, ol E . MrE SIS . H, WFEERRMAE
SRRV R SR AR R LB AR, A 15 %% DLk, S 2017 4E4F
48 LA E AR B WS = 15% * Wa.

SR, JrAbiRME BT SR N R 464.74 5K, BN AT RO R I 4 4%
K Ly N 7.6 K, XHEZ X FENLMEH 18 MREA G4 L S i Wi, RFEAS
BMBME Wy 84.39 gim. IRIEAR (3.9), FAbRMEESEIRIEE4 b 15k
VR IW, 2908 2981 I, FH A& ARV E WS 4105 447

3.3 FBZHSRRMESENEXMERR
CAFTTURY], BRKAE & TR LR B AR LLAh, JRdbi iR TR
TGS T NAE IR 4 bRV O R S, X ARt e Qs ) KEE
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I BT RE IR REREAT IR AR Fr B Sl B A . SRR VR NI 21
JE B DR RERAGIR B BEERL, a2 2] A A2 A P BN 3, 2 ST 7L
—EBCRE IS X 7. TR RN LR AR 12k ok 2 AR IR A M
P BRI, DONERRIR A R R SR B AR SR AT R AR, Al R
SRR IR M AL 248 BRIV NI, SR iR el U WIs BV R . (A2 Al B R
EBANREA L E R, RAOGH TR AR CEYRSmEBD 1M
RV 2R SRR IN AR S T B R o AN TORE I T8 4 I 2R v 5 B B S 4]
PIUR7E o AR E PR A S, 7 M (AR ek

331 EBEMEFKEEVENERTH

H 2007 4, Wgsem COELER K 14 5, 240 TR R DL K By 4h sk
WiAARN, miF RS &5 BT EE R IR, RS
Y5 b, IRAL TR b S SR T A S I A G AR B A AR L. D5
PRI b SRS S R AR N R AT SRRk, FR5E P TR0 9~10 HAETR L
M EATBCRSEFRAALLE, T 12 HRPRAE 4 H, SEeREEI AT ek, T
4~5 H S TRIEEEEE, TS [FIREAE 4~5 H TR AL DR b ik e 1. 24
BRI T N AR, RIS, FAME A KM . 78
RERS, KR B ME RESRE, B TR BRI T 2 Bk
NHEZ AL, 22 BN FREAR G SN BR M AR 2R BN, AT 54T 4E R
B A 2t s 2 e 2B Ak [l it b, 17 80 20 P PR A 2 3 B R P ML 1) 9% 58t 57 2
Wb, ZEBET MR, R, AR AR, USRI L
P A= SR B A Y B O R R DR E S AR 2 E T 12 HRkE 5 A
B, XPTRACEMEZ ANV IR A SR I B AR SR T T SE R AR, DR E
Vo R AL A SR I I PR R A R B DU AR 5

JrAABHIT 2010 4 10 H & 2011 4F 4 H, S BIFESRALEMER /N T FRAH X
R FRIEIX . VRMBVDFRIEIX, BESL = AN B A AT R SR I AR SR IR . 4
RRIA 3 A, B XA &2 10 $RICE, AWM ASEAY &
PEIE I, WEFHHIL, 5 10 %~20 %R tesl; 4 AR E#ELD 15 R IK
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B, WG E ALK, SR 3 AR AL AL A S AR R N
/NFEFIFREAIX 350 gim,  =iie 224 gim LARJRIRVDSEA7 (1) 179 gim,  =ANMEESRIX
FRIF & LB kS i, /INE T IR B8 DX LK 21 40 %, 57 PR AN S 7 (V1 25 L
gt 7 30 %. REETUF 2012 45 3 F B4)F) 2012 45 5 A T, RIS
TP X M/NE L mlR AR A SR T 3 AN EANEH, 3
A TS, HAEYENA Lgm, 4 APaHKs 2.9 gm, 5 %4
WGEI N F 87.1 o/m: fEmVENLAL, 1E 3 AARKRINE, MEHAMEES H
WA N E) 52.79 g/m; FEVRIRVb AL, M AEME A ER S AR T RIEE] T
KAE 12.33 gim. XIFFERAF 2013 45 4 H, EHFRI. 1TIRID. Kby
FERHIX, XTEEHRERAE . TR ) B AR SR O BT T ORI S, 3R
BT B AR SRR R R R o e Fhrbr, AN 7 P 288 48 S A 98 X A A 1 40
79101.2. 87.5#1129.3 g/m, & LLI7r 0y 88.56 %. 28.96 %Al 62.76 %. 4t
T UL R 5 Hh 43 40 A S % PR AR W SRR B, 25 Rk 3.2 i

R 3.2 2011~2013 5 SRl v IMEAE S0 48 45 P A 2R v 1 A ) 1 SRR A

Table 3.2 Biomass sampling data of green algae attached to raft's rope in Subei Shoal from

2011 to 2013
2011 4 4 A4 2012 45 2013 4F 4 B4
s GV WEAY  SEAY) WEAY SRS WEAY
& (gim) = (g/m) & (g/m) =& (g/m) & (g/m) = (g/m)
N 350.00 140.00 203.30 87.10
e 224.00 71.68 142.39 52.79
PRUINL S 179.00 62.65 30.48 12.33 129.30 81.15
BxRW 101.20 89.62
Trieb 87.50 25.34
FIME 251.00 91.44 125.39 50.74 106.00 65.37

SRR A s E I AR S R RN T B, i S AR &
A ISR IR UR A& . FIFARSCES 3.2 WIS E, EAT 4840 b AR 4%
BESMEEYREIGEE, JNPE ZENERR R AT . Ek, ik
2011~2013 FHFEIX BB RAUE ISR D ERAR, M TR
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H 2011~2013 =/ NMEEFIE LM AN, 455575 29.58. 32.13. 31.87 JiHi .
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Figure 3.6 Distribution map of P. yezoensis aquaculture rafts in the Subei Shoal in 2011~2013

R¥E 3.2 WA (3.5) ~ (3.9), FAHEEUN 2011, 2012, 2013 475
JLIRMERC AR TR, DAKER 3.2 hakie. W Edi% FAYERERFME, 7
AR 2011~2013 4FRE TR AR ME E A4 A SR S A B, DL R aigE B AR
WERSEYE, 4RNE 33 R,

R 3.3 2011~2013 LR 4 P AR S i S & A R R AR
Table 3.3 Staistics on the biomass of green algae and U.prolifera attached to raft rope from

2011 to 2013

2011 % 2012 4 2013 4

SRR R lg*m ™ 251.00 12539  106.00
WS R B g m™ 91.44 50.74 65.37
TR b A 2 A TR R km? 197.18 21419 212.49

AR M4 AR SR B AR B 7614 4132 3465

LR MEGE SR AR S R AN 2774 1672 2137

332 BEMENESEHEXMEI T
RATWG T AT — /N TR 1) 2011~2013 4 (148 45 B AR W & AR Y B I AR BR
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AL, PR S SRR 06 7 A T AR A D

XTI 8] 7 51 (1 S I 2 AR A, L 20 £ B v I T 23 10
LR, iaH NDVI. FAI SRR ES & H MR E, ST a0
W R RS A 2 oA B, S DA SRR AN R A TR B BREAE . B2 X3 VB
BB R EdAT 0. o, SIS NI FIENEI BE, SRE 5 — IR
WAL E . B, SRl RN, DURSERIE R B A, Ko
A X H IS, — B R E S IR 5 2 S H 5. 4]
B KT8 o5 TR B AR T AR — R BLAE 6~7 Ay, AT SR AL (0 K /N 5 4 B ]
) 22 AU I FAZ AR SRl R A i, SRS H A2 A BB~
HOCIEGRIE . KR . KR, BRK. B IRERDY Bk SR R R ER R E I
SRR KRG SR . AT R LR MBI 278 5 A0, X544
B A= e 8 VA A TRTARIT ,  ELAG I RV L A5 7K SRR S AR I A TE B ]
WATE K @ B A, AR KRR . DR b At S ) 4 00 8 1) 7 25 TR KN,
SRR E R EE G, HE#ERREENIERE.

R — AR T I AR AL I A 4 5 BB S AR DG, BT AT OA
[¥) 2011~2013 4F (R 41 40 pH A= 2 B AE V) s, 3B/ 2011~2013 4R 1) 4] B ]
Wl TR T DRGNS AR JriEd, WABINTH . wk
TEHUR B B8 SRR IS TR 2 N R, RIS [R50 S B
R R NORFFGRBURAE I S —, AR SCRA — R 7 R B
fi o FMBRIOLEL T N )43 R A FREE T CCD §%14 55 MODIS T2 4%, FIH
NDVI FIN T35, $REUT 2011~2016 4 [a) 4 M BIL- % J8 -2 % -
FR-H TR SRR, Hrd, X 2011 SF M BHEAERT, B U 1 5 A S
RN 15,137 km?, HILFE 5 A 28 HALI iR ss; FIA 2012
5 H 17 RS LR AR, B 5 8 U B 00 S 1) 7 S5 T AR 20 N
11.183 km?; 2013 4F, HUMIBISGHIHI N5 A 7 H, 78wl R E i
I 17 25 AL 12.917 kmPs

ASCRIH B e b 2011~2013 4F TR AN Al iy s B, kA [
MMM AR S AW E AR, TR, 4R
Kl 3.7 frw.
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Figure 3.7 Interannual variation of initial green tide coverage and biomass of green algae

attached to raft rope from 2011 to 2013
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G BRI, T 5 A SR A ) B A R K

52 PR T DAL A JE 2R 40 P AR 2R R B Bk =, AT RERE T 2011~2013
SAMEREMEE, X SRR TR 28 4 B AR SRR A S AT e e A . He
TREARSAR D, TSN S RBOT A E =T AHOCREUR R
MR RIS AGFR FERO4R AR, T DUFH SHeflly & 99 /N AZ 8 TR SRR R R,
i J5 O 2 A FE IR S5 2 A T AR BRI N, AT AT S ] 46 7 o T AR
TEHEB A B AR PR AR A B F 1 € R T, DONEYI= 1A BER R B4 5 4%
AR B R R

3.4 AHEMSH

A FERETERIAEA E A AR LTS : 5, fE 3.2 a4 f A o e
PG SRR AR E T, BRI T X R BOL R TR LR ATAR YD
Fe NHUATIN S AN B2 BORE B0 R SRR TATRR bt o M BRATIR VDAL, 95k
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IKSCEEARAT AL, BT, Al REE AN REAR B I ARR IR AL e M A
o G EANIRERM AR, AL EJ7 ISR E R T MR, T
SOMER AR R FAERKDR, SETREAES, KB T T IS
SRR A BT RS . iE DR B L0 0 RO A IR A R R
G, A EEFRRC S B R, Bk A e iR E. 5
=, f£ 3.1 i, JAEET AT RAALIR, BUE T IR T R
AR RS LU R s (BRI R X R P I . IR R A AT RE 2 0 IR AL PR

S B A S A i 22
NPRNRTE, AWFFOCRIC T BUN AT A IR BRE 5 gk e 518 e

BIRA IR RS, 3T AN BRI RS xRS, A
AT SIS A FH (1 A2 P 3 RO EUARL, TR 1Y) “ R, IR e R P Y 713
BERAEN$RTT 0] _E S T BRI 22 -

BEAk, DB S A E VI BE 2 R B AL, R KRR
ALFHES VPN S Ao R, RT3 T RS IRGE X RS FL X, ARG
XL IR A 5 IR AL IR R R 22 5, BTSRRI S ER T3R5 75 L e ME
SR, DARSHENG S5 AR SR B e I 73 B AR e 0 A B

35 EEMESERRERBR
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Figure 3.8 The harvesting process for Green Algae Attached to Nursery-nets (GAAN)
E: (a) WGBSR —ERIG (b FSRUGRYIEMIF iz E =+

Note: (a) GAAN being harvested with P. yezoensis; (b) GAAN and P. yezoensis being
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packed together.

TR ACHEMER 28 S FRTE A BE N SR I O BT AR TR AL T B 5, SRS HIRARAE
W7 E AR, SRR RO B AR MR EM AT EAR, BEEAERMAT L
AR, MRS B SR 0 8T AR SR, R B R SR R
SR (B 3.82), JF—EiTH MMz RE E (& 3.80), RIEHELEFMN
TSR AR, N TSN TR RS . DRk, DT PR A S R SRR TR A
Wi R —, GILIRERIR I T ERIHK .

AR A s AR K R R BTE M AE M RAR, SKIEHRSPE M B iR
I N R 5 48 A A SRR ) 1 SRR TS AN 3.58 % +0.78 %. EEALAE ML Ak )
(& 3.9a), 4 40 B A= 1 K e W Al i AU EL R % (1] 3.9b), 38 7 AE W e
(B 3.90), FRAET AN E BRI R N, TR B N DR R
ANGKT o B IR T i TR SRR K e R B E IR R AR EE YR,
(Rl 3 L T MAT L R Z IR MBI R, s dbipm > ), stk
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Figure 3.9 The processing method for green algae attached to rope (GAAR)
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HIPRERTE T 40, DL SCIG Ve 72 1 ME ) 2R T
Note: (a) Withdrawal and recycling of aquaculture rafts, where green algae attached to
bamboo poles is brought ashore; (b) GAAR being scraped off; (¢) GAAR being

abandoned on the tide flats.
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L RIS G A B AR R B R AR — B, — e R LR
TSR] SRS M AR W B B BORAR G

A ACIERMERFE R A SR L AR VLA #BIE R T BRI, CLaitf
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Figure 4.1 Sites of marine study area, research vessel and the orthophoto of green tide
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Note: (a) Study area and aerial photography sites; (b) the research vessel and floating green

algae on the sea, shot by UAV; (c) Digital orthophoto map of green tide at site S4.
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Figure 4.2 Spectral characteristics of U.prolifera
e (@) WWERDGIEMZ: (b) W& SEKIELSHE = MBI 8T
Note: (a) Reflectance spectra of U.prolifera; (b) the pixel mean values of U.prolifera and

seawater in red-green-blue bands.
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Figure 4.3 Illustration of three indices
B (a) FFAI (522 E HUPY; (b) y VB-FAI (5% H Xing®D; (¢) 4 RGB-FAI.
Note: (a) FAI (modified from Hu®Y): (b) VB-FAH (modified from Xing"?); (c) RGB-FAL.

51



S E YN AR R R EERIRE S B S0

RGB-FAI H T3 A] WOt A& b il B g, HAEARARXINT:

RGB — FAI = (Ryreen = Rptue ) = (Rred = Rotue ) * Agreen = Abtuwe)/Ared = Apiue)---(4.2)
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(43) ~ (4.7) Fiir. ASCEH ] RGB-FAI 53 Ben] WLV AE Bl 48 K MR EUE
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Figure 4.4 The histograms of six indices
b S ARGEN A= il =R

Note: Red figures and dotted line represent the selected threshold.
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Figure 4.5 Six vegetation indices images and classification results

FEJR IG5 B A A 1000 ANFEALIGAIE &0 (LK% 4, S4), FIFHTE AN =T
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Table 4.1 Accuracy assessment of the six classified images

K& 1%
TR FEE BAKEREI%  Kappa FR3L
L] K

EXG 98.35 99.28 99.00 0.976
NGBDI 99.34 98.28 98.60 0.967
NGRDI 99.34 76.15 83.18 0.655
RGB-FAI 94.39 99.43 97.90 0.950
RGBVI 57.10 99.86 86.89 0.647
VDVI 92.74 98.13 96.50 0.916

FEAR 4 25K B 45 S TT 41, NGRDI 5 RGBVI 5 5538 BUE V7 40 4 (1 U R AN,
Kappa R2ENAE 0.65 /247, VDVI FEHUHS IR 2 . T RGB-FALI 1] Kappa R %
ik 0.95, HRE R I ) EXG FR %1 kappa R A2 0.026, RGB-FAI 4k F-732%
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BORBRIF A

43 RGB-FAI 1= ERE IR T S 1 I IE

bR RN S5 R R, RGB-FAL X4 I3R ORS P i . A T IiE
RGB-FAI 185 &E M ST 5E 1, ASCRE 2019 427 H 23 H B 8 I, #EH
B S5 w7 (1] 4. 120 LA i S vl WO, A2 ity B2l e IEST AR
A TE AHULAE 5 2 400 2K, S AR 1028 18] 40 HE 3800 0.15 K, # 3L 58 460
K. K 835 KAFEIE X4 ([ 4.6a), JT RGB-FAI 484, A5 4.2 W [EIFEH
DRI RIE ., AT153] RGB-FAI M B Ta 5K (1 4.6b) Hifg 40 o>
REERE (K 4.60,
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Figure 4.6 Extraction steps of green tide from UAV images
¥ (@ TANUERMS EH A% (b) RGB-FAI #54(&: (¢) RGB-FAI f&%i14
HKER
Note: (a) UAV-based digital orthophoto map of green-tide; (b) vegetation index image of

RGB-FALI; (c) classified image of RGB-FAL.

NVFFET RGB-FAI K S5 Sfifz i) oIS UM B2, R R A1 EAR 7
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P BT IRZR PRI A ERE M PRE (R 4.2), FFR SRR
Kappa Z %L,
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Table 4.2 Confusion matrix of classified image using RGB-FAI

WK g BATEC HPRE%

K 361 16 377 95.76
2R 7 616 623 08.88
PRIk 368 632 1000

AFEFREE 1% 9810 97.47
TR 4.2 RS EEVEANY, 1250 18 IR S 1) S RS2 UK B2 97.7%, Kappa
FHN 0.9508, HR4E Kappa REHIFE REVFIMARAE, FRon/rRER 5 LPr) LT 7%
5, BT U LIRSS, NN RGB-FAI BEWSH & ¥ - 23] =k FE TR B 22

4.4 EEZFHTIRRISHREN

TFSEITE 7~8 ARENIEIRIM, HZaiiEKREIIAMELL, W& Earnt
Ao R N, BB RSO SREEE 6, EARMMIRRERC, 8
3 441 LR A0, 3R 200 P 45 4 B8 A4 B R A A P R PR .
T R v SRR I R TH AR IR et DR B AR S 2 RN, IO B B D K ) N B
B, IR EHRBORLES], X SR FAEIY N 1 IR M Sk R SR I . 2019 4R
7H 25 HEA TR, TEEIEN S6 it (B 4.1a), RAHTANmI 17—
BIANE Rk, JFERECEIES G (F 472, ESPEEN Iom, TRK
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Figure 4.7 Extration and comparison of the declining green tide
¥ (@ HERTUF RGNS A, (b) NHIRErRIE R .
Note: (a) UAV-based digital orthophoto map of the declining green-tide under a hazy

atmosphere;(b) the classified images of six indices.

RS 4.2 FRIBEI 75, FIRZSFRT OGRAE S (A= 4.2~4.7) %} S6
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Figure 4.8 Accuracy assessment of six indices
HE: RN 1) RGB-FAI A B s e 48

Note: The overall accuracy of RGB-FAI (marked by the red outline) is the highest.

HIE 4.8 ATAN, FEREMEEARMI R AFAT T, X 28 ) b i 2 ) o B
RGB-FAI 5 EXG. NGBDI & IH4b T 73 2K E e =i 554, Kappa R2EHK T
BT 0.9. AN T2 B i R URAF N BRI ARSI B, i, RGB-FA
P REE R Kappa 2801 0.95 R ERMR N4 0.93, BON7SHHE B S BORS 1 B e
HIREAREG, o i HAEA RIBILAAAETS, MG 3R & 5 B8R W 4 vl R AT
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V7 R AR /N TR (0 5 BB K AR AE LT R R 1) AP e e T
W (Bl 4.9a~b). BEAELEREIH) A, W& RN AR AR Z 8. /N
FARBES, il an 2 w1 E 28 XA NIRRT [ ) 5 A RE FHUN S (K
4.9c~d). BinLIZORE AL, MODIS SA5 0 Bl or A 1) 2% B Bk i uf: LA e st
(1), PA HI-1 BEAZFHNE, k550 I b4 Bk 0 T AR AT e 45K 21 %,
ANFFAAR A8 73 e P BURTR SR TTRN, KA [R] 1R $R B S 2R 7 AR K
201 T N\ WL S AT SR I K 4 (1 v 2 1) ) R 4%, 454 RGB-FAIL, 7] LA
FHUNHRAGE R PEIHEATRE R I, REAR I I DRk 2 A 1 J M UK 52 AN A2 ) sk

B4 o

B 4.9 i BRI THUN ISR DR
Figure 4.9 Large number of scattered small green-tide patches on the sea

E: (@)~(0)ER EMIFER T RO (C)~(d) B 1 A AT ] K AR
B EDAAFAEE R Z KNSR B i R R 2 R B (a) 5 (d) Y
BHEEAKEE Y 73.3 5K, 18 (a)~(d)KITHA s 2 73 i 9 270 2K, 265 2K, 281 KA1 200
Ko

Note: (a~b) show the scattered green algae patches in the declining phase; (c~d) show
many small-area patches around large green-tide patch. For reference, the research
vessel in picture (a) and (d) is 73.3 meters long, the height of aerial pictures from (a) to
(d) successively are 270, 265, 281, and 200 meters, respectively.
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SHEEARIER B, M@ T MR e R, g, =BT R TR
RGB-FAI, JFitAT Al FEPELGAIE. [FI 5 S H A OGRS, A
IS RAHTN, WAFEAEK . ARERE QSO BEHAT T HHd . 2551 %
i -

(1) RGB-FAI REAR I M PR FIBF AR, X BAR S 1F 2 R Sk
SRELZE 1 Kappa 2 $ik F1 0.95,

(2) XA W R a5 H e Wk HUE L, RGB-FAI
B i, Kappa REZ108 093, SR 1 HAEEMMEZ S GURE T 1R B
S EEaeui e vive 2

(3) RGB-FAI f8#( 45 & T AWUFT WLGIRIEE,  RERE RS B3 A [7] AR K A 1 4%
WIBEEL, X SRR T . AR RS A B BRI R T

T NALRE BRI AR ) e I 25 43 P e AL 4 TR R R oV LU, vl fig
P AT TR BRI M I BT A R I R T IR S IR A5 7T A8 . RGB-FAL /R —Fi
FIT- T ANLAT W68 R B b 40 B LA AR A, e g i 1 s D 5 g o 9
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EFaeZ = iNEE ST Ip -2 SN WIRrS 5 S I NP Bee o ) O LM v A R AT ]
PO E A& 5 RGB-FAI IR SR)5, X TS AHLIESS S5 o B Sl 1 55
H RGB-FAI (e sR Bk dhimA AT & B s AL EA, ez g
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H1 Tt b2 R X S AN WAL, T A b 2] ) 2R A R R
RGP BAEE R R, CAR R e i) #7148 bR, I
FE BRI E, TR E AR E S0 ROGHE B E 2, HsRIR Ty S
e KIBSRER ALK 1.2 K ¥R 0.3 KAGIET AR E, (M R e BRME JyKit
B MRS IREE,  DUAEINE K T 5 Y65 N e ok B bR IR SR IT
o, ARDGEACE K O IE BT 2.5 SKAL,  ZEE [T I E KB E K
B, AR R IC SO EE . LRI, BRI R B 2
AREE RS R 2 R0K 0, RSO 1 S AFHTARE . 2 e Rd il
IKEINKIbE, SEiE 0.2 kg ¥R E & Bk, HAK R ETOT, {3
FICTEASCI R e A= PRSI B I RO R, R AR 7Kt Ik B D7 4R E ¢
B E B . SR MR TR 0.2 kg 3 A & R HAE K HOT 5, R
Fouig, e, BRKMHIATFE KEIREDY 8 kg, RINFE AW E %M 0.14
kg/m? 7% 5.55 kg/m?®, IXFEAFE] T A E YRR K ROOEIE MLk, BLZK
SRR L IX ST A, A TS BT AR A ) B R AR, JF
BEAT T IR

H T3 AT LG B IR B 2R 4R B RGB-FAI 58 A ML _EAREX A 4 52
%, #MRAET A HOCERMLL. & =08 BRSO Bt fife Kt
SEIG TP ENEIE E A FAEY B IR RGB MR, LR BIE P 5 E . K
AHRHMEESE ) . AU ENVI PR IBUX LB, iy BE =R B
TSR, RS AR S BV E B = BB T EE, % RGB-FAI
FITHSE AT (4.2), THE S A R Pt B 1) RGB-FALE, 113 5.1 s

F51 ARAEVEHENE LS =B IIE & RGB-FAI {E
Table 5.1 Mean value of R,G,B bands and RGB-FAI value of U.prolifera with different

biomass density

No. ‘EME#HE (kg/m®> RIJE G BIYE RGB-FAIH

1 0.14 150.653 152.056 142.102 6.384
2 0.28 129.882 133.709 118.284 10.583
3 0.42 142.011 146.108 122.006 15.750
4 0.56 144.003 150.254 113.678 23.916
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Bk

No. /E¥I&E#%/% (kg/m®) R¥ME G BIE RGB-FAIH

5 0.70 143.055 149.891 100.167 31.819
6 0.83 153.923 167.903 103.619 43.283
7 0.98 149.472 163.941 93.953 46.810
8 1.39 164.576 179.911 92.169 57.513
9 1.94 163.833 184.046 81.755 68.025
10 3.33 175.804 195.871 92.488 68.600
11 4.44 176.578 196.867 82.127 75.308
12 5.55 168.659 192.246 74.410 78.488

KMSEI W E AR A EEE S RGB-FAIL {E AT M 1y i FEE an i
5.1 Fi7s.

Biomass=1.94 RGB-FAI=68.02 Biomass=3.33 RGB-FAI=68.6 Biomass=4.44 RGB-FAI=75.31 Biomass=5.55 RGB-FAI=78.49

B 5.1 AFEDEEEENEGS RGB-FAIE (BRi%4H Hu %)
Figure 5.1 Images and RGB-FAI values of U.prolifera with different biomass density,

modified from HuP%

HE 5.1 BT, 4 s BV R FE M 0.14 kg/m® £ 1.39 kg/m? B, #F
BRTEEFATKMERT, 4% ELT) 1.94 kg/m? i, WE OB SR, 2
J& B IR KBS I & 5 FH T & FE IR T O 56 AT 2 A, it i S B AR )N
FET 3R 5.1 B LEAR ALY R B N TR BRI RGB-FAIL R, I3 R0 R R R
B 5.2 ) B SELR TR

63



S N R R ERIRE S B ST

5 [ —ENE

// v=0.159¢0-042=
4 // RiZ 0049
3
/r —$58 EE)

; /é—ﬂsﬁ - 0.001x% + 0.047% - 0.114
RIZD.657
0 : . , . . . . , . . — 2=

(RGB_FAI<E8)

APEHE (kg/m?)

0 20 40 60 80 100
RGB-FAI

Bl 5.2 WENAEYRERES RGB-FAIE L& H 2k K]
Figure 5.2 The fitting curve plot showing the relationship between the biomass density of

U.prolifera and RGB-FAI value
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i 5.1 fis:
) = {1 X 1075  x3 — 0.001 * x2 + 0.047 *x — 0.114, 0 < Xy < 68
L 0.159 * 0042, 68 < Xmax

Hrr, x & RGB-FAI, fx)NMFEAEYEZRE, BAN kg/m’. HEEH
RGB-FAl £ KAt Xy /N T HEE T 68 B, #EFIE AR — I =R Z T
(i 5.2 A EHiZ), AXKIUEIER?N 0.997; Hxpe, KT 68 I, i
HARALLERE L e AIRM ARTRE L (Kl 5.2 gktihs), Al
EMMER?Y 0.949, MUA MR ZTaIA th 4 & NME ML AFERE, R2AUEIX
A 0~1, AN 1, CAEAREET 1, Ban il 2t BE f il & FLRE T .
SRR, A 5.1 MBLAREERM. [EUIMNE, ELbrigmatsd, H
THFIE RS R, HX SRS A 2l v & B8 0 M BO T, T
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Figure 5.3 Biomass estimation of green tide from UAV images
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Note: (a) Digital orthophoto map of green-tide; (b) extraction of green tide area; (c)

distribution of RGB-FAI value in the green tide area.

S5 ufif N FR A WS (& 5.3a), IZZ0HIBEER (R (e 2, JEARONERER

65



S S P AR s EER RS S BRI EAT T

(R THI R B BR o 2l 5 B JE A ML IE S 5248 ) 25 18] 43 #8260 0.15 m, A 836 m,
5 461 m, [HAUN 385396 m?, b, SREITE TR 241239 mP, (U THIAR

62.6 %. %K% RGB-FAIl £ K{H A 61.9, /NFHIME 68, KRULitH A ERE
i, SRAANX 5.0 hi—n =k, BEAR (5.2) FHATAY
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Figure 5.4 Biomass estimation of the green tide in decline period
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[X35ff) RGB-FAI {5 (& 5.4c) XM Fockim, EIRE RGB-FAI S K1HN
44.1, /pT 68, THEAEYE RN A (5.1) i 2 IR Bt AT 5
SO, ZTNNAR & A& 35 070.41 kg, SR DX 383 & IR A= =
N 05222 kgim?, AN UG IS A W0 B 55 A 0.1478 kg/mP.
W b SR WS ) A T B IR S SB i o I B R ISR I RS AR R L, 4
KUK 5.2 FroR:
R 5.2 BRI GRS R LY E M AR
Table 5.2 Comparison of biomass estimation results of the green tide between the outbreak

period and the decline period

g e

Zri
o EMGNn BGIm Ady s - G IR EEA RGB-FAI
1
R A Bim® BB Blm? Yiklkg  F WAL BAME
te/%
I(kg/m®) 1%
#ER
S5 2019-7-23 385396 241239 626 222796 0.9235 +76.9 61.9
1
iR
S6 2019-7-25 237336 67162 283 35070 05222 -434 44.1
1

SR E PRI AR K S IR B AR AR B RS R IR, 2R EOE I B SR
R EEIPLEOR, BAPHERNSESCE RN RIS SRR R RS
B, RS ARSI AR, AT B R I A TR [ ) AR ELR AT, £
KIS, HERESEEE, RAESOOVRSOEERZRG . W5 R H
AR A B A R ) R IR A AR EAT e S 1 R BCR A R A 5 <0
gk ARy, AT HRE BN AR b HERR EROGREDGIERE, (2 VIS
HEAERN, FER S HE R, IBREEE S £ KNG 16~21
WECEERT, Wit b oK, R E IR, SRR BIKIL 1-2
K, EREAZRGE 2~3mm. [, ERZNI EEREEHT, DBREEAHE
ORI, TR KA ) i BRSO, SO i Ao G S B i £ 4
AR AT K

LTI TN, WA B, BRAAREIE HRE AR R G O
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PUBENHEIRI, SEAERE IR R oA o (st g TR V2 ] R 2 R BT K
TARDE Y, AR % P R I 2N AR DS, i 1 3] (10 28 4 5 85 P82t PR Lt
i%e W 5.2 HAEYERZRAIN AR, EER I S6 uhifr, FHXT 2K
ff) S5 hifir, SR ICHTiTHEA) RGB-FAI S KME H1 61.9 MK N 44.1, WB/NT
28.8 %, LR X W AR B T N R BRI T 43.4 %. HILTA]
B, AL SRLAE IR S e A FRAS B SERR AR, — @R BRI T AR/ SR
R RS VR T R

514 FTAHERGHEVENNRED

W3 & AR A SRR R Kb S e s DT A e, i DR E
S I T SE R I R 2 AR TR A5 0. KA TR, JUHE T B AR
N EERIE PR PR TN AR ), TR IR ETE O AT AR,
DR L g T e 0 M i R AR A SR A, BN B R R RGY R EIr R EE L
FIRZIE AR . e AN LR RN e B ] R B e, — BTk, {1k
N PR AR, JLF AR EREGIT T, Bk
RIS 2 B EAS FAR AL, A S MBI ANERGE A . B ANLE
BERIERTIRBE R D, BEoHRta s T ETEMG, BIHAAE A E L
RSO R S . (R BRI, AR H AT AN LIS Al 55 4 ] A= 40
BT, RN ATEN UL AR, B ATE AR, BN A
G A m AN, IS MG SN A

Jo NHUEE A D T R 2 A0 1R B A 24 78, I ARR e ANLIE IR S 1
BIERANGS A, AT LUK 2l i 2B ) R Al SR Y R B R i
XF[R— SR, AN P EERF N AT A EMNSE, DOHEHEA
PLIE O PR R IR S A R A IE R 2, AR 2 50S P 2B A%
ISR 2 YU FEOR I IL S, T SEZBIRT 4 e il XS ) 2] AR D R 0, 31X —
R T R BAT B N 0 {E
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52 ETEANERNZHEBRENGES N

FTWFE B LM AR B, it 2012 4 RF5 AL ERMERT O S LB, 753 A
RS PR S, 1E3 AR 4 AR, AR S B MAES
LA 15 %, 7E 5 A W13 5 H A, B AR & Bt il A BT # 40.5 %,
RN ZARAF, WAL 5 AR IETIS, SRR R SR
BUBLt . ZRARPT AR SREE, R IARWEE, BRI N B, ARSI AR B
FEMEHERA BT BURIWF 5, FEOGIR WRREEA T, A AT AR L A2 20
BN THUMES RS HE . RIS 2008~2017 4Ef T2 BB 45 5, DA A
RE K HE 7 R W BEHUR /N i, SR IR I BU AT RESE 68~110 K, RRELNS
[ Y 2017 ik F] 63 K, 2010 2011 5 2016 FE&kI(EHE - EE R I BL
249 70~80 K, HAEMTERIETR T 90~110 K (£ 5.3). Kk, 7EE4H KA
Adr A, Mg R BOC SR B B K B B G B A R R X S
8. SR R R, R R, Jrm 5PEEBER, R R EIE
5B TAEN EE S,

5.3 2008~2017 4F B GLR M (K1 b A I R) 5 1100

Table 5.3 The duration of green tide in the Yellow Sea from 2008 to 2017

Sy PEEBFRKIUE JHTRE KRS ER

2008 514 H 9H1H 110
2009 5H20H 8 A 22 H 94
2010 6 H2H 8 A 17 H 76
2011 5H27H 8H 17 H 82
2012 5H 16 H 8 H30H 106
2013 5H10H 8 A 14 H 96
2014 512 H 8 H15H 95
2015 5H 16 H 8H 14 H 93
2016 5H 10 H 8 H2H 85
2017 5H 14 H 7H 20 H 68

CAAEAIT FEMI F 22 RE S A 5 SR i TR A S L K 5, AR IR 8] B A B s 2 2]
ST LS T YLK, AR FEE 1 o208 1% H e M A e 2 Y A 5

69



S E YN AR R R EERIRE S B S0

e AHLREEEA a2 e . AT N7 RIS B
B, RIRE S PR E AR STk, o ANLRLA e R X iR
W P B PE R BT M SR P AT AR B AR R AL 7 &,
RIS FI AR SR IR SR, n] DL SR A% 3 A P e 4% .
R M 2 P A S AR B0 4% BE TR IR SR I Sl d I o 67 (R« KDL TR S 30
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Figure 5.5 Illustration of shipborne UAV acquiring two-phase orthophoto of green tide

REEME 1 DURERTAMNL, ARV, RAHRWE, ARSCSEIL T HAERHE AT HR
L ERERE, AT AR R ZE AN S A TR s R R
BTN BRI BRI — i i IE B S5, AT & B RN AN LA S35 1) 1
TR NSRRI PR L, ML SL TR BN T, AR5 WSl B R K 6 AT 40
5%, AT P RIESTT EME RO ) S FE KT 80 %. X [Rl— SR BEH A AT
Ui (E15.5), R Pix4D AT UG B4, AR Bk Wi EE BTN A
E IE AR

£ 2019 4 6 H 16 H S2 whifir, PLJ 2019 42 6 H 19 H# S3. S4 uhifir (&
5.6), AW TN IX = AN AL R E AR 3EAT TR SR, SRE T X = A
i (o7 ZR ) BB A TR AR . =Nl T AR AR AL B . R B RST S50
PR EEENE 2.2,
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Figure 5.6 Site map of UAV acquiring two phase orthophoto
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FPERAE BN PSS N S A (20 FREMRHIE R TRARIEM . 5
Wl (3) FREHAIEARFHALAE BN AH RS P RS o S LRIE B AH
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Figure 5.7 The orthophoto and two-phase drift map of green tide at site S2
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TREHEREE . SREFHAR (6.3) 5 (5.4), M5 HZ6SHTH 7Rk
BRI EATEME, USRI A REFEME, 2R WNE 5.4 s, £

R, ASCHTHEA R T 1A AEA RO, BN IE.

R 5.4 S2 uhfCAST BBV AL R

Table 5.4 Drift velocity of seven sub-patches at site S2

S2 uhfrFHEg  frRgrKk  EREAKAD  HE/mes™t Jim/E

A 64.9 326 0.199 140.4
B 72.4 348 0.208 129.6
C 70.6 362 0.195 136.6
D 82.3 382 0.215 136.2
E 132.6 414 0.320 134.0
F 141.0 440 0.321 138.1
G 161.6 482 0.335 139.3

FIE 0.256 136.5

BET [RRE 2 SR AU ¥, X6 S3 uili 7 PR OIS AH I S 5245 0 ) BEAT SR SR R
AL RO AH T ISR 73 AT 1, I il i 4 TPkt A~F HONAS TRk T
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Figure 5.8 The orthophoto and two-phase drift map of green tide at site S3

73



SRS NN E R B LIRS S BT

IR FRETT V5, 43 ) & 00 2 b L S T 7S AN 7 PR B A0 S AL RS .
KA W, HE RS TR PEREER, FIHAR (6.3) 5 (5.4) i+HEH
N T PEHOEEFL SR FOR P IME 5B 7 M R & FIME, 85 8138 5.5 Fios.

F 55 S3 NN HIFREHUE RS AR

Table 5.5 Drift velocity of six sub-patches at site S3

S3 FHH MLk EBNKAS EERmes™t JrEE

A 714.9 1564 0.457 67.8
B 722.7 1576 0.459 65.1
C 711.4 1625 0.438 68.8
D 689.2 1664 0.414 71.1
E 732.9 1678 0.437 70.3
F 7455 1747 0.427 71.2
FIME 0.439 69.0

BT 5 2. S3 AR TR, X S4 whhr Sk XU AHRC AR, SEHLH N
A2 R A, W&l 5.9 s
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%

Figure 5.9 The aerial photography and two-phase orthophoto map of green tide at site S4

&

S

B 5.9 S4 uhifraxi (I An B SO0 AH IE 5 5

ST BB IR, M S4 s mi ] b E AL 1A] R Y A oA N1
B, ERDFHE A TP G SRR . IR DT R AR E R
Ja FIRETE S AT 1 BEEUE RS R ) AP ME,  PURTT MR &2, 45
RN 5.86 Fin.

F 5.6 S4 AT REBEERL £ PR

Table 5.6 Drift velocity of six sub-patches at site S4

S4 TR Rk EREKAS  dEme st Jra/E

A 141.9 376 0.377 24.2
B 100.2 333 0.301 24.6
C 72.1 262 0.275 21.3
D 48.9 218 0.224 19.4
E 45.7 193 0.237 8.8
F 18.8 146 0.129 338.5
FIME 0.257 17.1

XF S2. S3. S4 =AU Sk, Al Rk T BEHREE RS R ) BRI ME
577 M R, Sk MR R =N S S ENER R AT R, e
it H =k SRS S G ER R, 45 Rk 5.7 .

F5T AU S A ST

Table 5.7  Statistics of green-tide drift velocity at three sites

¥l ‘ ‘ B A8 Pt SR R 2R T )/
Wi HE  Biia B Uk S AR

Jy ZIm /me st s

S2 2019/06/16 07:55-08:03 35°N, 121°E 0.12 0.256 136.5

S3  2019/06/19 09:36-10:06 36°N, 121.5°E 0.14 0.439 69.0

S4  2019/06/19 13:04-13:12 36°N, 121°E 0.12 0.257 17.1

H3 5.7 IS Bl 50, 70U S2, SHlER I E A 0.256 m/s, EFEJ71H N
KEdim, WP R AR E R, 7E 2019 £ 6 A 19 H E4- 9 I 36 431 S3
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5T DXA R ¢ 35 1) L et M 75 3K

K NDVI R 5 B 4 FVEIRIUX P 5t GOCI F244 Hp (f 4] Bt Bk,
FIH Arcmap ] Mean Center T 1155 P Ab g Sl i DEHL ) vh o0 s (] 5.10),
I HH R BERAE 9:30 55 10:30 WAL TP IR B ER RS AT 7 1], A il B 4R
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Figure 5.10 The one-hour drift map of green-tide from GOCI images
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Figure 5.11 Comparison of green tidal velocity extracted by GOCI and UAV remote sensing
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PAHE 5 AR FRIAE R 22 20 04 0.58 mis Fl1 3 %, K] Ibh 799 i ik 2 38 % ol 1 5
BB AT RE I AFAE 22 5

LRETANIERKY GOCI 1EKIEEM SRR HAE, LA AL IS X E 5%
B, S RWE 5.8 FR. b, RAPRERmZE e O e SR
ZFEWHERTAE s 7 22 58 ORI e A 5 SR HE A 2 22 4 xHE, BR LA 360,
S A= =

£ 5.8 TLAHNLE GOCI 5AZ HRHL S EEFE 33 B 1 25 X b

Table 5.8 Comparison of green-tidal drift velocity derived from UAV and GOCI images
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Figure 5.12 Tidal height during aerial photography of three sites
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Figure 5.13 Motion vector of green-tide, wind and tidal current at sites S2 and S3
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Figure 5.14 Motion vector of green-tide, wind and tidal current at sites S4
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B xR

(DB 1: ERAS X7 HicdiE 1 e #A R o

PR T 2019 4F 6 A 19 HY4K, B FLIX ) ERAS IR/ X371

nc 1A, R HLF A SO 5 XU, IR ORAF 2 excel E£dgH .

e A W ne ST S BRI 44 B
>>> import netCDF4 as nc

>>> file="G:\\nc\\20190619winds.nc'
>>> dataset=nc.Dataset(file)

>>> print(dataset.variables.keys())

>>> print(dataset.variables["longitude"][:]) %7 - — T JE 141 %

Ra, SiadaRreErEE, FH python BBUAIZEMHE, python JEAS4ANT

#HIE ne SRR KGR, IR ORAF 2 excel T
import pandas
import numpy as np
import csv
import glob
import sys
import netCDF4 as ne
from datetime import datetime
#ERENC SO AR [P uv 23 52 3 SRy IRGEURT XL 5
def uv2wsd(x, y):

WS = np.sgrt(x ** 2 + y ** 2)

wd = np.arctan2(y, Xx)

phi = wd * 180 / np.pi

if x>0 and y >0:

wd1 =90-phi;
elif x>=0 and y<0:
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wd1=90-phi;
elif x<0 and y<O:
wd1=90-phi;
elif x<0 and y>O0:
wd1=450-phi;
elif x==0 and y<0:
wd1=180;
elif x==0 and y>0:
wd1=0;
elif x>0 and y==0:
wd1=90;
elif x<0 and y==0:
wd1=270;
elif x==0 and y==0:
wd1=999.9;
return [ws, wd1l]
#IN 7] B A g H 20 % A AR H 1 I )
def jd_to_time(time,count):
dt = ne.num2date(time[count], time.units, time.calendar)
return dt
#HERBUCR ne ST A-fif Bllexcel & Ja B A i) Bne A4 H A1 2 ) variables
def to_csv(source_file):
dataset=ne.Dataset(source_file)
print(dataset.variables.keys())
lat= dataset.variables['latitude’][:]
lon= dataset.variables['longitude][:]
u=dataset.variables['u'][:]
v=dataset.variables['v'][:]
itime=dataset.variables['time’]

index=[]



By %

for j in range(len(lat)):
for k in range(len(lon)):
if lat[j]>23 and lat[j]<40:
if lon[k]>118 and lon[k]<123:
index.append((j,k))
print(‘#i Hindex % 3&: ")
print(index)

source_file=source_file.split(".")
file_name=source_file[0]
try:
with open(file_name+'.csv','a’,newline=") as targetFile:
writer=csv.writer(targetFile)
writer.writerow(('lat','lon’,'time’,'u’,'v','windspeed','winddir",))
for j in range(len(lat)):
for k in range(len(lon)):
for m in range(len(itime)):
if lat[j] > 23 and lat[j] < 40:
if lon[k] > 118 and lon[k] < 123:
i=0
ul=u[m][[k]
vi=v[m][jI[K]
wl=uv2wsd(ul,v1)
writer.writerow((lat[j],lon[K],jd_to_time(itime,m),ul,v1,w1[0],w1[1]))
targetFile.close()
print('Get'+file_name+'.csv Success!")
except Exception as e:
print('Error:'+str(e))
#HHER A M

if'_name__==_main__"
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print("start transfrom!")

filename="F:\\ascat\\20190619winds.nc'

to_csv(filename)

print("Transform successfully’)
(2) Bt 2. TRAbIRMEESEATLE 61 SRIN AT 88 . SR B LA SR .
T HPRRM AT 2SR (P. yezoensis) TR, GRIR M AT %% (Green algae)

(TR, AR I K ().

G=0.27

G=0.14

(3):P=0.24;

G=1.04

G=0.39

G=0.05

G=0.06

(7):P=0.30;
G=0.15

(8):P=0.30;
G=0.03

G=0.44

G=1.58

G=1.57

G=0.39

G=0.60

ol

G=0.32

(18):P=1.01;
G=0.83

(19):P=0.46;
G=0.77

(20):P=0.55;
G=0.34
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(21):P=0.41,
G=0.83

(22):P=0.60:
G=1.61

(23):P=0.50;

(24):P=0.81;
G=0.42

(25):P=0.76;
G=0.14

G=1.06

(28):P=0.08;

G=0.14

G=0.98

G=1.45

(32):P=0.49;
G=0.20

(33):P=0.06;
G=0.88

(34):P=1.19;

G=0.06

G=0.18

G=1.20

G=0.20

G=0.08

G=0.98

G=1.56

G=1.70

G=1.10

G=2.97

G=0.43

G=1.97

(46):P=0.21;
G=2.80

(47):P=0.19;
G=2.98

(48):P=0.16;
G=2.00

(49):P=0.14;
G=2.29

(50):P=0.64;
G=1.50
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G=0.19

(52):P=0.54;
G=0.64

(53):P=0.12;
G=0.46

(54):P=0.21;
G=0.51

G=1.39

G=0.93

(57):P=0.41;
G=1.25

(58):P=0.02;
G=0.33

(59):P=0.60;
G=0.03

(60):P=1.22;
G=0.65

(61):P=0.24;
G=0.98
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