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Extraction and Management of Coastal Aquaculture Ponds in
Zhejiang Province Based on Sentinel —1 SAR Images
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Abstract; The construction of coastal aquaculture ponds has huge economic benefits and is of great
significance to ensuring the supply of seafood and enriching the food diversity of residents. The rapid
expansion of aquaculture ponds will also bring about a huge environmental crisis, so effectively revealing
the spatial and temporal distribution characteristics of aquaculture ponds is crucial for orderly management
of coastal aquaculture ponds. However, aquaculture ponds are mostly distributed on the side of tidal flats
with tortuous coastlines and close to the ocean. It is challenging to identify aquaculture ponds effectively
and with high precision. In response to this problem, an aquaculture ponds identification method that
combined Google Earth Engine cloud platform and ArcGIS local classification post-processing was
proposed. Based on water body frequency, object characteristics and fine processing, the spatial
distribution of coastal aquaculture ponds in Zhejiang Province from 2016 to 2021 with high precision was
obtained. The results showed that the overall accuracy of the aquaculture ponds was greater than 93% ,
and the Kappa coefficient was greater than 82% , indicating that the research method showed good
applicability. The area of coastal aquaculture ponds in Zhejiang Province tended to decrease in 2016,
2019 and 2021, which was 30 360. 60 hm®, 24 375.35 hm® and 21 700.02 hm®, respectively. The
prefecture-level cities of aquaculture ponds were concentrated in Ningbo, Taizhou, Shaoxing and

Hangzhou, and the counties were concentrated in Cixi, Ninghai, Sanmen, Xiaoshan, Shangyu and
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Xiangshan. The agglomeration of aquaculture ponds in Zhejiang Province was decreased, and they were

concentrated in bays, estuaries, coastal plains and tidal flats, such as Hangzhou Bay, Xiangshan Port,

Sanmen Bay, Puba Port and Yueqing Bay. The spatial differences of aquaculture ponds were prominent,

that in the sea side was larger than that in the land side, and that in the north was larger than that in the

south.
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Fig.3 Technical process of extraction from aquaculture ponds
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Fig.4 Key process of extraction from aquaculture ponds in Zhejiang Province

8000 -
6000 -
§ 4000 -

2000

1 1 1 L [T 11|

0
B P PEFE RN PO SAE
/b. /b. /b. /b. /b. b /6. /64 /6. /6. /%. }. /k'

g SDWI
S Bk SDWI i HcH 17

Fig.5 Histogram of regional SDWI index

PRI K AT 38, Qg I L 5 B Tt I A 34 T e
ORI (E 4d) .

Xt OTSU 5 7K 44 531 56 114 [ 1B 43 #8051 X 1,
g 4e s, Bl 4e Hrel Fle2 Sy OTSU 5535 73 HIAL
e e3 Fl ed Sy K PR A 2 r BIOR . AT LR B
OTSU FH b 3R 7K A (7 3t 5% 4 Tt 3% ) 52 4 0], 0.
AR MRS 2 412 B 58 3l 3, D0 IR 52 30 AN 5% B Tt 3
AR 4 B o T K AR T 3 D 58 e b K YT I 5 B b 9
X A3 I, 5 A~ 55 58 % 18] 68 6% 43 2005 81 X 43 ik
AR S 32 B WOK PRI A7k ok i AT B 4y ) . S &
YR, KRR N T 60% , b 36 K 1K 25 5 ol o 7
P, WK KT T5% |, 3454y Hh 32 K K 5 85 2
W, T 7K A5 R AR R AE 60% ~T0% , L %k fAR fig

% o) A0
DN
/b‘. /b‘.

AR, HE AR R e KRS B (L 6) .
2.2.2 B RG 40 Ak 3

(1) FE5H 8 X G REAE 3 28 4k 2R

Wi 2 7 Gt I 1) s o A 1R, % 4 T 0 AR
(AR SN R (2l S T A S =S € I A 8
PEGTIE 90 55 H ROk R ME B, 2k SR BE v I A4 T
A B R 8 B (LST) Ok iF — 25 32 5% 4
iR I R B, WE AR R R R 7E 100 hm?
AT, T I 0 R 5 K 1 B (T ALK T 100 hm ) 11
i A /N BE R (AN T 0. 01 hm® ) o J < 0 — f
KT 50 m, B BR R A 4 (/N F 50 m) (Y BE e, B
RIGE— M KT 100, 5T ok, T 5L A $2 BUB R 3
TN 388 Ay s 1 114 5 5 3 3

(2) 758 it 3 N RS 40 Ak 2

e 5 193 Hb 2% B 5 3 7% 5 3t 3 K R IRl 3t i
KPEGLIE) I, 15 Al Re A7 AR IR B AL K S
LST FF & 14 1 22 7K 1, 4n W7 24 19 10T 30 L 75 3 b 3 38
T KGR A il oy ST B 0 R )RS AR R I, TR A
Google Earth 154352 8 E 17 H MLAL B8, AT A 200 B 43
A0 1 HAB R 22 KRS R SRR AR B WL A B
TR R EE 1Y) M 2 3% Ttk 3 2 ) 43 A A L an Bl 4 TR
[l 4f 1 ~ f6 FoRFEIE IS5 AR 2R N SRR o



174

P A

2 20234

CHEsRp g W SR e

T ARSRA b W SR
1

C RS- W SR

CAEFRAYE I SR A b
1 0
L I km L

1
Ikm

(0) BE60%
TRt I

(a) H450%
C1ARFRa s W SR

I km

L JHEFRARb Y N SR

F

(d) A5 70%
CARTRablE T SR

© ke

() #IFET5% () $80%

Kl 6

2.2.3  FROHMIE =S () 4L R AL B

5% 2 BT VL AR SR GH i I A5 (6] A SRRRAIL , 25
B B 23 M 1 0 7 B 38 S — il B R A 2 )
I HIT, LA JRE 75 9% B L 30 7 25 1) B T IR 25 Y
AR RE RE AR A

1 < X —x,
Sl = 2 H)

W kR
OIHTE « BERAE &, HYFEES

it i 2 (2) AT S T A7 97 B i 3 9 5 1] 20 A1 S
O, FLAE O, b P 5 2R AR B

HROW
3.1 SEIE

o 56 U T A Y T 7 B v 9 A DU OR 5 T
W IXBEALA A T 4 123 DA G (18] 2d) , 40 2016
ARSI AR SR A MBI 1 052 4> FREE MBI 3 071

(2)

K (%)
h

x - x,

3

() #%85%
AN IR 7K AR B 5 B b 5 AR

Fig.6  Recognition effect of aquaculture ponds under different water frequencies

2019 44 31 A AF S5 56 Wt IE 974 A~ (FRFE I IE 3 149
A>52021 443 5] Sy A 5% 58 W 5% 1 015 4> | 57 8 1t I
3108 AN (1), 458 WE5E X 2016—2021 4F Google
Earth (& 735 A3 X FEAS g 3EA 746 567, DA ) AN [F] 4F
03 1Y 3% 58 b Y% 5 A 57 BE it 3 09 TR VB AR B . TR
TR VA JHE I 1) SRS B2 O P RS BE A 7 5 RS BE  Kappa
R ENE RS R SR W, W VL AS 5% GE W I8 A 3 AL
B, 2016, 2019, 2021 4F 43 3 ik 5] 93.69%
93.55% 94.30% . £ 4F oy 3% 5H b I 0 FH P ORG BE RN
A E G R T AR SR A M I, b 2021 4 57 58
T 1P OKG BE (195.85% ) AR 77 K BE (196. 62% ) fit
AR R B E B O PR BE DL 2021 4R B &
(89.39% ) =5 BE L 2019 4F % 25 (88.71% ) o
Kappa 803 KT 82% , & W% B 58 % 57 58 1th, 3% 4
BUBUCR 0T

Ry it — A B2 SO R 25 3L R AR S 2016 4F
S50 5 SCERLT T4 AL Ry 2015 AEr[E 30 m % 5 1 B
25 8] 4 A0 BHE SR AT X LG, AR A X E M ET A

x1 FEMERIENRBER

Tab.1 Confusion matrix for aquaculture pond validation

ARy 2 A 5 B 1t %5 M Bt PR/ % - EHREE/ % BARKEE/% Kappa 240/ %
A 5% 5 1 900 108 1008 89. 29 85.55
93. 69 83.18
2016 FEB 3 152 2963 3115 95.12 96. 48
Bt 1052 3071 4123
A F 5 b 864 156 1020 84.71 88.71
93.55 82. 41
2019 75 1t Y 110 2993 3103 96. 46 95.05
it 974 3149 4123
Al 35 5 3t I 885 105 990 89. 39 87.19
94. 30 84.51
2021 5 b 130 3003 3133 95. 85 96. 62
it 1015 3108 4123




%2 3

PhaE . BT Sentinel — 1 52 AR AW V145 U I 57 50 1t 2 i 5 48 1R 175

G 25 S 2 B AR (7 35 G Tt AR AR AR B/ o X AR S
PUN S5 S 5 000 A~ B AL, 38 i & i & 3
4464 NFENLEN TS HHARE D EEGELH T
89.28% . ULAMKE P AT Z M4 HT (B 7) , 3% SCH
RERBEAGSHZHREERS, W HZCET
Sentinel — 1 SAR %3 (10 m) Al £ 30 U8, i 35 5 b 3
PSS TR RG AN, 23 0] 1 55 B0 37 58 3t W (%) BE Bk
Oy o 57 H e B s ) b S K AL A, RS
B 3 A X3 I S R BE B, J0 0 48 U0 5%
W YE RS0 . & N Es R — D R SRR T
1 AT AT AL B

B

e, ! ;
ot g o A | [

5

223
cﬁ\

rﬁ"ﬁt
20
L

Y
anyif
/"%' - LS
SR=E 0 &“\; | @“‘H
uokm NS < . by
7 FRBH M IE S SOk [ 7 ] RIS RN L

Fig.7 Comparison of extraction results between

u)"
H

aquaculture ponds and reference [ 7]

3.2 WTHEFEMIENZ S MAFE
3.2.1 FRGE o (]2 A 4 Ak
#ITL A 20162019 2021 4F 57 i t 3% 1 AL

20164
12000 - £y
it
e

10000 -

20164
20194
m20214F

0
& S
T

45 m2016—20194F
30 W2019—20214E
151 ®2016—20214F

"~ 80

A%

L%
=

_60 1 1 4] 1 1 L
RXR R R RRPDR 12 o m( [
NP M NN & I 0
S Gt

[ 0~100.12
2 [ 100.13~298.26
= [[1298.27~704.75

[ 704.76~1133.15
km N 1133.16~4067.75

X
fE X

30 360. 60 .24 375. 35 .21 700. 02 hm® , 35 5 b, 3% 1 F
SRRz CrpE Ol S8 T AR 4 ) T vz
A % B i B A S B, Bk Ah, T R I AR
B, 34 1T REUMS /N T G T AR s A AR i E B,
BRI E T 5B AR b xR AT TR
(0.01 hm’ LA k), H3 Bl 72 b il T 0G5 14 40 B
R AT B 22 T A3 T RN Y 8

A b 25 T 3% B Tt W A A R WL AR 3R B Tt I 4R
b oA T T (L 8) , H SR A v R T AR o UL A
(4 38% LA b, HU R & N T 48 2% T AR N T i
LT LI M TR B % T AR A U AR AL b AR
2019—2021 4F [ 35 2211 Fl 2019—2021 4F i 5 11 1l
F7 5E 1t 5 TR T BTV, A5 Hh T 45 A 0y 5% A b S
AU T F B, b 5g 241 7 2016—2021 4 ¢
WR B e R, 3K B 42.29% AN L BN L TR LR
T % B 3 TR B R R Y KT 30% o AR [R AR
By I ,2016—2019 4FF [& i B B i K F 2019—2021
A3t 7 W SR A b A X B R o R R N TR T
R, AR AL B A 65/, an i M T 2016—2019 4R
T R OBEOBE (30.72% ) i Kk F 2019—2021 4f
(7.16% ) .

BT A % 5H W i AR AT B T
TR, QAR T T L, 2016 AF 5% BE Tt 3 1 AR
4351k 4 067.74 3 183.50 hm?*, 3t K F H & H 8
HPR RGN B =115 BT 5 L X 2 2% T Y
B R T Al B i s e A
ST v R S MV HL R O 30 55 GE I A

20194¢ . 20214¢ T

-~ “ N

.

Lga 4o A

T FR/hm?

AR Ak
5. EMO0~7653 . [ 0~4320
L 765423848 cL E4321-159.64

= [123849~502.50
[3502.51~858.10
[ 858.11~3386.59

= [ 159.65~466.22
466.23~1519.39
B 1519.40~3385.05

100~ ™ 2016—20194F
m 2019—20214F
50 m2016—20214F

4B A2 mE b2 m b 424 D B D) ] ] 1 ] AR A ) ] [

R RILERAEFRET I RE O KB I H S

IR HEEELRELPRFARURONIERERE-2H
B

P8 VT A 9 T 5 Bl A it O v AR

Fig.8 Changes in area of aquaculture ponds in prefecture-level cities and counties in Zhejiang Province
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