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Fig.2 Objects of aquaculture pond in remote sensing images and in situ photos
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Fig.3 Flowchart of the aquaculture pond region extraction procedure
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Fig. 10 Post — processing of aquaculture water identification results in the test area
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Fig. 14 Statistical charts and kernel density analysis of the aquaculture pond region in coastal waters of Fujian Province




-+ 50 - [ERE

2022 4%

AR I Ve B R A I DX T AR R A R T LR
Hh M T AT B 2 A B R (ELIX, T B TR T
KT IRFE IR SRR ey, Hoor A T AROR wE T
BIRFRFEIE S A 2 H AR AR B s PR b A
PRk 2 AT AR U SR I A B B AR
IR TS T DU R AR A T i e %8 B 4 7K™ R B
DX I, [ ik A T AR/ N U TR SR B A B S
FEHEEH T FIHT FH TR RN
3.3 RESW

AW ek T H AR ARG R R Y
Fib, It HAE BY GEE V- & 115 55 68 1 A it 1t 54
U, AT DARAS BAR T At DX 3 1) 7K ™ 57 i 35 R 1
S SRR 2E FEORIE T LN ILA 5. OFE
Landsat 524373 [A] 73 BER A BUREALA T, LLIX 5K
N ERITHEA TR A 7K 7 TR AN P sl e bt 25 £
B DX A 5T RUBE B 2 B T TE A S L, S )
W FEREAE 3 ~ 10 m Z [B], T AR 23 w1 A TR B I 42
S5 QA [R]43 Bl sk AR/ IN Y e A T VR LT
) 2 K S FE S 22 5 TR I B GRS 180T,
T R R A3 i RAR R FUPE I AT S fE
SR IR 1) 2 2 5 1 45 0 Wi P 2 3 B0 A 4 )
TIE, WRAE Bl ki .

4 i

RS O LY SR AT B e e =9 NG E T3 DA
MGETFBLo FRIAER I K IR AR N T2 2R 4K
FE X, H AR B ) A5 O 05 1 2 2 mT AP
FIRLAR I DGR AR R TR ) 0f 52 3 A28 (HAE 1)
R SO B RGN ERAEF- & AT RS R R
BEVESE Dy A TE S A R AR AR . A0 TR B
FE FP AU X B — R AL A A S B — T B i SR
BT AR T —Fha SR OIS R A5 AR
AEFIIE 25 R A A 00T 2 T SR A I B Sh4R BT %,
FHEMR 258

1) %7154 30 m 228 (] oy B KUK R LASR
SRR AARUR AU IR SRR, BESR T T RS I , 3
PG K= IR R - A R 1, i A T e R
JEE T A R A FRFE S )0 A RAZ AL SGE T4 B

2) BATBURFAE 7K P 385 45 % (MCIWT 1 MND-
W), H BE A AR A0 e 2 1) 145 LS B 1 K Bl S
FREFIE R RIS AL (9 50 J2 R0, SR Ah T LG8 —
T FRROME L 5 B R MUSEA 3000 2 B AR o

3)BFTE X S 6 45 AR, %5 ik R 0K 2
93% ,Kappa Z % 0. 86, L7 X S B il HE X 4

AR, RS RN S PR gl R i S LB 4 7E 90%
Ph b P& Lk 92. 5% , I B T = b BE A AT
S

4) BFFEIX B S SRR WY, 4 A 0 Vi K
FEFYEIX S BT R R 511.73 kY5 6 TH/K P FR5H %
TR AT = R : T (212,89 km® ,41.60% ) , 4@
M (114,61 km®,22.40% ), DL K 7487 (90. 28 km’,
17.64% ) . #FH M AT RE T 3 7K™ 5%
FEYE AL AR E] 100 km®, 248 5 A S 20%

5) WEFEIX A% 2 BE 43 e 4 SR BT, v i i 7K ™
FRAE I DX AR SR B v EL oA T TERROR, 7 T k™
FRAaYE X TR A R AR w5 SRR ]
TR ZK ™ F5 B I8 FE A B AT B e 2 B R SR AR X [
B o3 AT TR O /0N T T 3 5 I A8 B %) 1 g AR G
TR TR TR A D

&8 GEE - & , iz g | 2 4 [ HoAth b
DX, A KR T v 73 0 A B B, 42 o) P X A5
(R B T SE I, DA TRV K B4R AL 1 HNE 2% MU
XFFo

2% 3k ( References) :

[1] Barange M. FAO yearbook : Fishery and aquaculture statistics 2018
[R].Roma;Food and Agriculture Organization of the United Na-
tions( FAO) ,2020.

(2] =& Bts. SRS RS S EHIT ]
Rl ,2002(7) 15 -17.
Wu L S,Yang S Y. Study on the structure optimization and man-
agement of aquaculture water ecosystem[ J]. Marine Science,2002
(7):15-17.

[3] ER WAIRHN R RUBEZT LSRR D]. &
By« RS, 2014,
Wang D H. Study on scale economy and scale efficiency of maricul-
ture[ D]. Qingdao: Ocean University of China,2014.

(4] ZEWE. REK P FR5E B K 5005 Yo R ILBTIR R HE [T, KR
2£,2005,24(3) :34 -35.
Li S G. Water pollution in inland aquaculture and its control meas-
ures| J |. Journal of Fishery Sciences,2005,24(3) :34 -35.

[5] FEZ5, PR, 5. T 20 4Rk 10 A 8 4 00 K 7%
BKTTRYBASE AL T ] 0 P 22740, 2017,36 (3) =319 -
326.
Wang M M,Li G Q,Liu Y J, et al. Dynamic changes of mariculture
surface in eastern Shandong Peninsula during the past 20 years
[J]. Journal of Applied Oceanography,2017,36(3) :319 —326.

(6] I &, 95 ¥, BEFIZE. 137 W) P00 77 58 XK IR I 23 28 T
SR T]. BRBE e 55 B ,2021,13(3) -8 - 12.
Shi Y,Su T, Lu L R. Remote sensing monitoring of temporal and
spatial evolution of seine farming area in Changdang Lake[ J]. En-
vironmental Monitoring and Warning,2021,13(3) .8 —12.

(7] & FBOCRE, 2/ S5 2T World View K #7148 Bt
S SR B O3 A R O A [T ] ¥l 5 S %, 2016,31(4)
286 —292.



55 4 9

PR RIS

s 1) 25 RN B3 ] 19 0 o VS L O e 5 R

| FEEX 51 -

[10]

[11]

[12] %

[13] 2

[14]

[15]

[17]

Cao L,Gu W J,Li X S, et al. Remote sensing investigation of oyster
culture distribution in Tiegang,Zhejiang Province based on World-
View data[ J]. Fisheries Information and Strategy,2016,31(4) .
286 —292.
Chen L,Ren C,Zhang B, et al. Spatiotemporal dynamics of coastal
wetlands and reclamation in the Yangtze estuary during past 50
years(1960s—2015) [ J]. Chinese Geographical Science,2018,28
(3):386 -399.
Zhou M, Wu M, Zhang G, et al. Analysis of coastal zone data of
northern Yantai collected by remote sensing from 1990 to 2018
[J]. Applied Sciences,2019,9(20) ;4466.
Xu M, Cui B,Lan S, et al. Exploring dynamic change of the tidal
flat aquaculture area in the Shandong Peninsula ( China) using
multitemporal Landsat imagery (1990—2015) [J]. Journal of Coast-
al Research,2020,99.:197 —202.
HRME B, 5 B, M R A I N e M R 1 X R 2
AR T] . AR ,2020,44 (1) :52 - 6.
Shao Y T, Lu X, Ye H, et al. Object — oriented classification and
monitoring of land cover change in coastal wetland[ J]. Marine Sci-
ence,2020,44 (1) :52 - 66.

5 AR B, SR I, S8 1995 AE—2015 4R PG i R Al R A
FHE 2 23 AR [T ]. P4 REE, 2017 ,24(2) 1135 - 143.
Meng J,Hua C,Zhang J B, et al. Spatial and temporal distribution
of aquaculture land in Guangxi coastal zone from 1995 to 2015
[J]. Guangxi Science,2017,24(2) :135 - 143.
A B IKRARIE I FESF B T IR SRR AR BRI R
WoE[J]. @Rl ,2017 ,15(5) 1651 - 656.
Li Y,Zhang C F,Shuai S, et al. Research on extraction method of
offshore aquaculture information in Weihai City[ J]. Wetland Sci-
ence,2017,15(5) :651 - 656.
Sun N,Zhu W, Cheng Q. GF -1 and Landsat observed a 40 — year
wetland spatiotemporal variation and its coupled environmental fac-
tors in Yangtze River estuary[ J]. Estuarine, Coastal and Shelf Sci-
ence,2018,207:30 -39.
E T REYE, SRIEE, S5 K IR B K R R A I B
B[] s KR ,2019,26(5) :893 —903.
Wang N, Cheng ] H, Zhang H Y, et al. Remote sensing dynamic
monitoring of aquaculture water and its application[ J]. Journal of
Fishery Sciences of China,2019,26(5) :893 -903.
I XE I, XA A, 55 T 2 AR IE RL S S o BRI
SR SR A X SR O 5T [T ] BB IR 5 0, 2018,
33(2):296 -304.
Cheng B,Liu Y M, Liu X N, et al. Research on extraction method
of offshore aquaculture area based on multi - source feature fusion
of high — resolution remote sensing image [ J ].
Technology and Application,2018,33(2) ;296 —304.
B RIFE, B AGAE, 5. B TR0 B2 A 5 ) TR K W LR X

BRI [T ] WhARLE,2017,29(2) 490 -497.

Huang S,Song K H,Luo J H, et al. Remote sensing extraction algo-

Remote Sensing

rithm for shallow lake seine area based on gradient transformation
[J]. Journal of Lake Sciences,2017,29(2) :490 —497.

MR, NI SE, M, S5 T 1) 0 % B B i 9 A T 5 R 40
FARBU S ShA BT T] . W5 5. ,2016(2) 16 - 11.

Sun Y Y,Ying J L, Wang M, et al. Study on classification extrac-

tion and dynamic monitoring of marine information for aquaculture

[20]

[21]

[22]

[23]

[24]

[27]

[28]

[J]. Marine Information,2016(2) ;6 —11.

BARSC, BEM. TARA T LK SRR A fh—
FETF 2015—2019 4F Sentinel — 1 ¥4 9 SLUEMT ST [ ] $AH M
H,2021,41(3) :622 - 634.

Huang S W, Wei C Z. Changes of artificial aquaculture bases in
coastal cities of Guangdong Province ; An empirical study based on
Sentinel — 1 data from 2015 to 2019 [ J].
2021,41(3) :622 —634.

58, Ead, MERER, S JE T ONDPI (Wi 58 77 5 b i 3 gk
ARSI T J] . W2 ,2020,40(5) :40 - 44.

Pei L,Wang J] X,Qu H H, et al. Remote sensing image extraction

Tropical Geography,

of coastal aquaculture ponds based on ONDPI [ J]. Marine Survey-
ing and Mapping,2020,40(5) :40 —44.

&K LRV, S IR VK b R T S 5 e
AT ] ERESARTAY ,2020,38 (1) 59 - 67.

Yuan X,Zhang L,Song Q Q,et al. Remote sensing monitoring and
— temporal analysis of seawater pond aquaculture in Hainan

Journal of Oceanographic Research, 2020, 38 (1)

spatial
Island[ J ].
59 -67.

EOJF, B R, A T OC IR I T ) X R T R Y
K SRR SOR RN [ T] . Al TR A4, 2018,34 (12) :210 ~
217.

Wang F,Xia L. H, Chen Z B, et al. Object — oriented mariculture
pattern recognition based on association rules[ J ]. Transactions of
the Chinese Society of Agricultural Engineering,2018,34 (12) .
210 -217.

Fu Y,Deng J,Ye Z, et al. Coastal aquaculture mapping from very
high spatial resolution imagery by combining object —
bor features|[ J]. Sustainability,2019,11(3) :637.
Gorelick N, Hancher M, Dixon M, et al. Google Earth Engine ; Plan-

based neigh-

elary — scale geospatial analysis for everyone[ J]. Remote Sensing
of Environment,2017,202.18 -27.

W RS BT, SF. 1A I I VI DX TR AR I HE K
JEHY) CH_4 #0 N_20 jl it H AR fRRRAEL T ] PR}, 2018,39
(1) :300 -309.

Yang P,Tan L S,Huang J F,et al. Diurnal variation of CH_4 and
N_20 fluxes after drainage from aquaculture ponds in the Minjiang
River estuary during early winter [ J ]. Environmental Science,
2018,39(1) :300 —309.

Ren C,Wang Z,Zhang Y, et al. Rapid expansion of coastal aqua-
culture ponds in China from Landsat observations during 1984—
2016 [ J]. International Journal of Applied Earth Observation Geoin-
formation,2019,82:101902.

Duan Y, Li X,Zhang L, et al. Detecting spatiotemporal changes of
large — scale aquaculture ponds regions over 1988—2018 in Jiang-
su Province, China using Google Earth Engine [ J ]. Ocean and
Coastal Management,2020,188:105144.

Duan Y, Li X,Zhang L, et al. Mapping national — scale aquaculture
ponds based on the Google Earth Engine in the Chinese coastal
zone[ J |. Aquaculture 2020 ,520 :734666.

WM, B W, B 2828 JET MODIS [ gk B 2 5 7K 1446 %

(MCIWT) $ U2 2k ffa B ista [T ]. vU g R4 ( B AR
Bl2#hR) ,2011,33(1) ;112 -119.

Yang B G,Chen F,Luo Z Z. Extraction of complex water informa-
tion based on MODIS improved combined water index ( MCIWI)



- 52 - B % % E B R 2022 4
[J]. Journal of Southwest University ( Science and Technology [32] Zhang G,Wu M, Wei J, et al. Adaptive threshold model in Google
Edition) ,2011,33(1) ;112 - 119. Earth Engine: A case study of ulva prolifera extraction in the South

[30] BRZ R, XIATRT , AR 2. JLAH B 15 23 1 (2 IO 2 19 L A% Yellow Sea, China[ J]. Remote Sensing,2021,13(16) :3240.
Swrse[ 1], YUl 5 3 shik,2003 (1) .77 - 80. [33] Donchyts G,Schellekens J, Winsemius H, et al. A 30 m resolution
Chen D L,Liu J] N, Yu L L. Comparison and research on several surface water mask including estimation of positional and thematic
methods of image segmentation threshold selection [ J]. Machine differences using Landsat8 , SRTM and openstreetmap : A case study
Building and Automation,2003 (1) ;77 - 80. in the Murray — Darling basin, Australia [ J ]. Remote Sensing,
[31] #5225 RN, & FH. 3T OTSU FI Canny 53T LSR5 2016,8(5) :386.
FHEFLIBCLT]. Bt 3 L2 i ( B A2 i) , 2019, 35 [34] WK, FIFICHE M I — 1k 22 S K A 15 50 (MNDWT) 32 BUK 74
(6) :33 -40. FEMBITE[)]. I EHR ,2005,9(5) :589 - 595.
Li BY,Fan Y G,Gao Y. Infrared image feature extraction based on Xu H Q. Study on water information extraction using improved nor-
OTSU and Canny operator [ J]. Journal of Shaanxi University of malized difference water index ( MNDWI) [ J]. Journal of Remote
Technology (Natural Science Edition) ,2019,35(6) :33 -40. Sensing,2005,9(5) :589 —595.

Information extraction of coastal aquaculture ponds based on
spectral features and spatial convolution

LI Yefan'??, WANG Lin'*’, ZHANG Dongzhu'*”
(1. College of Environmental and Safety Engineering, Fuzhou University, Fuzhou 350108, China; 2. Academy of Geography and
Ecological Environment, Fuzhou University, Fuzhou 350108, China; 3. Fujian Provincial Key Laboratory of Remote
Sensing of Soil Erosion and Disaster Prevention, Fuzhou 350108, China)

Abstract: To control the negative effects of the disorderly development of aquaculture ponds and promote the
further development of the aquaculture industry, the top priority is to realize rapid and accurate identification and
extraction of information on aquaculture ponds. Aquaculture ponds are special net — like water bodies divided by
complex roads and dikes. Simple spectral features or spatial texture features are not enough for accurate information
extraction. Moreover, the mixed feature rule set gets more demanding on computer performance. Therefore, based
on the Landsat image sequence and the Google Earth Engine ( GEE) platform, this study proposed an automatic
extraction method for coastal aquaculture ponds, which combined the image spectral information, spatial features,
and morphological operation. In this method, dual characteristic water spectral indices, that is, the modified
combined index for water identification ( MCIWI) and the modified normalized difference water index ( MNDWI) ,
were employed to highlight the grid characteristics of large water bodies and aquaculture ponds. Then, the low —
frequency filtering spatial convolution operation was used to stretch the differences between aquaculture and non —
aquaculture water bodies. Finally, the information on aquaculture pond areas as a whole was identified and
extracted accurately and quickly. The results are as follows. (1) This method has overall precision of 93% and a
Kappa coefficient of 0. 86. According to the test process verification of typical area superposition comparison, the
overlapping proportions between the extraction results and the actual results were all more than 90% , averaging
92.5% , reflecting the high precision and reliability of this extraction method. (2) In 2020, the coastal aquaculture
ponds in Fujian Province had a total area of 511.73 km”and were mainly distributed in Zhangzhou, Fuzhou, and
Ningde cities. (3) The kernel density analysis suggested that Zhangzhou had a high concentration of aquaculture
ponds and thus had high pressure in the management of aquaculture ponds. This method can realize automatic
information extraction of coastal aquaculture ponds. Thus, it is of great significance to promote the orderly
management and scientific development of fishery aquaculture.

Keywords: aquaculture pond area; threshold segmentation; spatial convolution; GEE platform
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