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FEE T T VIS CTZIA AR [ RS X 1990 4F—2020 4R LL MR B G 0 o &5 W . (1) 19904F—20204F,
A7 45.94 ha LRI R AE THEN, Ho 2001 AR5 X N L0 MR S T AR e K, o9 12.91 ha; (2) 1990 4 —
20204F, BB A R BEIE ST 5 e BIA K, 4y BN 57.5% F129.17%, T & B>, R 13.33%;
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R A S ke . R ki b g G A e 3
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2020) . BLAh, LERARIRBEGE [ AW, B KT
b, AR, O ANZSIRIE R R L O A AR
feAE K B IR Ay R A AR, i E bR
FRa G E SRR OIS, 1997; BuiH

Wi BHE: 2021-09-04; FRENZR: 2022-03-03

2011; {HHER &, 2016). fEidLm—A-titad, 4
BREYAT 67% ML MR B AT R IR, e i
MR Al P i AR AR AZ 20 B U R ZE B R (Valiela
4, 2001; UN-DESA, 2019)., WRTHIHELET
%, AIKARMABAEAR KA FENIHRIGE, Hl
FER N B WK% SR T AE TR I T RO 150 T Vg Wl
By, WA, RESHYIRE TG K48 (Duke 55,
2007; BEHAEH, 2014). BEL, A R0m5E H E L
MR ERRRA B E TAEC 22
SR, LIRS AR 25 R G0 B BUSRPE I 55 7%
H SR AN R 48 B0 305 23 X6 200 bR A 25 R G O ) A
. RER IS MR SR P AE T e, 2L R
MRATORAP R S TA R R MERE o DRI, PR
ity b 5 00 2T B AR B B s AR AR, X T A 20 AR
HEBRGARREZR CEE, 7N LRARAE B L AL

BEETH . hEAHEEAOFRTEA 7% (455 :2019FY 100607 ) ; H1 FEBR2E G AE BT IR E 2 (45 :2021227) s F K A AR BL2E 3 4 A7 3

£ H (45 :42101392)
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BRERE R,
FrEe A HIBOR

H T LD AR AR R T AT Sk P Al 2 1 T oy DX B
b T A A SRR, LA PR L R
A THT b s 0 A AR S AR L R R (2R
TS 2003; KuenzerZE, 2011). %4
AR R J SRy 1 AR PR 1 S s W 2 AL 7 B S Rl Ay
Bro Hip, Bl T2 Landsat 2%, EA GEWE 49t
M, DRI EA, AR, A5 I PEREL
R AL, KT i b 95 s ) A v R
(Zhu%, 2019; 4T, 2002; EJRL %, 2006).

N T] 7 2] 43 Bt 7 125 S 3 3 %o IF ] 7 3] 6 47 4
TESE BRI Hr , A R W AR 25 R GRS Ay
Tk (Zhu#s, 2019). EAHFZLKFEHMAIA
(73] By EsF ] 7 31) 3 B 512k % 4 3K 25 i ) AR AR 28 R
GEiEAT TSI R A I 3B (Kennedy 55, 2018).
Hil, Cf 2R RENN BB ME L. 4
N Kennedy 55 (2012) &t B9 8l R 52 46 10
Bk LandTrendr. Verbesselt 25 (2010) 2 A9
FI#E e 975515 BFAST  (Breaks For Additive Season
and Trend Monitor) LA A Zhu #1 Woodcock (2014) $#
H 1 3 2 A8 AR A RN 43 28553 CCDC (Continuous
Change Detection and Classification) %,

SR, 07 FH R 8] 77 51 73 B 2 X 214 AR A0 30
P AT W I A e SR 5 A Ak TR A B B,
Zhang %% (2016) FJH Landsat 52446} 55 FE 4k & B 36
M Biscayne [E 22 el P21 AR 0 2545 PR P s i &2
AT 25 AFE MR, AR B — IR EHE % (NDMD)
X 21 B MR AR A B O fE ; Awty—Carroll 45
(2019) % T 1988 4:—2018 4 Landsat Iif J3 5215 K
CCDC #E A W5 Sundarbans £T#4 AR 7E JE X Sidr 1o 355
B s SO, TER XA R 1048 )5, )
A — 2 B IR B LL A AR K S 3 De Jong 5
(2021) 1 H LandTrendr 5575 35T 2000 4F—2018 4
Landsat B J7 52 A28 2 T 75 HL R TR 52 £0 A0 AR AR 1
JE JE R R

H T R 8] 7 270 530 3k 1) 5 40 Ak R 5 9 A B
TorE R, A A ] o A 6 B B X b
PR AL TR B AL A (EIEE, 2019)
LandTrendr 55 1% % 18 31| 45 i = °F &5 GEE  (Google
Earth Engine) It S0, KR & T i 5B 20%
(Kennedy 5%, 2018). GEE PAH: @i PsEm) =115
OGN AT LAFE LA 20 B 58 O I sh g S, iz

A Bl T ] 5 Bk B Z0AR bR BT I ]

(DL R 2 N = ) e i 1 = 3 N
56 W FAE BT 55 o GEE V-6 i iif 5% 25 S 1) ] /7 471
LIRS R TR HLIA

EAR R NN SR | N S/ N RV AN AR o N B
SRGERFREFMEMARYE . TR AR X
KPR 24K 1490 km, B BE IR 28 2D AR O3
MRAN 2 EZ i (BB, 2014) . A SCEH)™
PEAECm O E R g QAR X, FIH GEE =¥ &
F1 LandTrendr 55 15 #F 17 218 MRS Ak A4S DU 043
B BRI 30 4K P AL G 1 E K A SRR X
AR 7 ) I 7 B O T FAR Y 7 ) - At R
Uy T T 7 e NS IR DB b S R R S RS e S
PR B HEHOR SO AL B

2 BRIk
21 HRRER

JUPEACE I E K A SRR X (AT fRT
e ORI ) AT PR B iR X Bk
W T B IR XA TR Y, AR X b 2 B
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POV =5 . BRREMALCw a,
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R FE ST IZ R X, B S 7E 1990 4F 12000 4F
3 R FR KGR X E RO X PR
PRGN 87 km, AW LIRS . TR A
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Fig. 1 Geographical location of Beilun River Estuary Reserve
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22 HIEFERS4AE

HSETE GEE =& _LIE M 1990 4F—20204F- 6 H
F] 8 H Y Landsat %) 1155 S5 5 R 550405 #4) HE S [E] 7 57
AR . B BLORMAE KRR, EEEREZ
DA P 9 2 DR A A A i s 0 80 B A5 A o SR
JF i 1 Landsat OLI 5214 5 TM/ETM+ A5 A% 25
TR 22 18] B 52 T Pn ] R B A 3 1 1% B BB
Z [ B s fa] 22 (Roy 5%, 2016) o 2 Jm £ 5
HIPEIE B (QA) XTEMGR#HITA . K. BEHA
52 (0 FE B b 28 . A s R Z 4E (B (medoid)
Tk, A EE AT X 30 4 A9 AF BE I ) P S AR 4
T A AN (] EU A 5 BIORD I8 B G 214 R B0 A A
B, RIIH— bR AE R (NDVD) (58 (1)) X
CEREARI R SR B SCR el BIE, ASAFSE 5
AR BT AR NDVI,

NIR - RED
NDVE= iR+ RED (”

Ao, NIRWITZLAME B R S48, RED MLk
BL A

TR MR K JE B BE > B CAS_Mangroves (¥
8, R LRI T o 2O R R, B
1973 4£—2020 4% [5 21 bR s (1] 43 A Bcdle (25 B
B 4%, 2021). ELLMMEIEL RS, PR AGI5E
a3 -W AN R TP S AR P AN R A I D O =
T VI 5 A5 R AN [R) () 126 07 7, e & Bk oy
FNGEIRE 92%

AHFFE N CAS_Mangrove E 4 42 A $2 B b &)
1 1990 4FE—2020 4F I ZL R AR A3 A5 Bl i, X ix 224K
P T Z M AT, BOFEAVE N A 5T 1 2R 5
XK 2 /s, B e i3 AreGIS 10.8 #1444k 2
GEE - 5 [ 45 S [ AT LLAS 21 F8 40 X 21 A% AR i
Peshm .

3 Wk

3.1 LandTrendr EiXMNOIW KL R EEE

LandTrendr 535 A] FH T W 0 ] 18] P 27 (R4S 141
LSRINISEY NI R V=R T DY Al By oy ¥ 4:p)
) FISRE . LandTrendr S 1 —Ff ot i —mmf i) 73
BB, BT S A A [R] I a) T ARG v 4 o3
B AR TR BB P B AR B I T ) Hp i 2
(Kennedy 4, 2018). LandTrendr 4] & A T Wil
Fili b 2R AR JBE 72 A T O A B89 — b I 2l M 00 5 3%

(Kennedy %5, 2012; SenguptaZ¥, 2019) 5K AA]
K R AR At b Wy 26 28 e 4T s D00 4 2 41 3 728
b LandTrendr 52 A2 BUAR BE e (AR R Y )2 2
P EBEAR AT R RIS BE W %I B LR
H AR R 5 WL 2 1) 9 B = (8] A8 R A T 7 il
w0, AR AR SR B A SR T LA
P BB RFEREZ B R L EZ—, Wi
BT SR B ER (Flood, 2013). FlIHR
T HIRE G, LandTrendr {# G L&A K
rEDEEPE (1#3).
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R — R

K2 1990 4FE—2020 4L H AR IX LD bR AR 1 DX

Fig. 2 Mangrove forest growth area of Beilun River Estuary

Reserve from 1990 to 2020

(a) Landsat i ¥ 5218

(a) Landsat time series image

AL L P DL DT |
1 o
i | i
# g
FEh
(b) P i T %

(b) The spectral index of point P
g ‘ o
i}
# KRR ]

FEh
(¢) X 5 P AT Land Trendr S35 L5
(¢) Point P was fitted by LandTrendr algorithm
K3 LandTrendr Z8 Ak 46 3872 HOHE 2 ( Kennedy %¢,2018)
Fig. 3 The concept of LandTrendr change detection algorithm
(Kennedy et al.,2018)
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R B AT LA B, AT R BH A B2
Wi R RS AE Ak AR i i B W S e I 1
AR 840 8 R A ND VIR 51 2845 | itk
AR Z #a % (Kennedy %5, 2012, 2010) . Xk
90 RS R AT DL 5 A S 2P BRI
HIZAT BT (Kennedy 45, 2018): 7EEB5

BT I UEE Ji ) T 1 B [ U PUIE AR A T, IS
TS R AT ER TR 2, X288 20 T ad i
AR AR M R 4, 2 5 EAT 4G, - i e 5
(TR AR Y, d5Jm MR U5 ST ok e 4
AW G . S B H LB YT LandTrendr
VLGNS B AE AP R (R 1),

%1 LandTrendr 3]

Table 1 LandTrendr parameters

e gk fH
Max segments FEAERS T8 LG 1 SR K B 6
Spike threshold I 0 1 o 0.9
Vertex count overshoot PR [ T A T R TR AT LR A 3
Prevent one year recovery AN 5 — A5 A T L TRUE
Recovery threshold TSRS B 52 3T 1T 52 A4 R A (LA S L) I B 4 1 0.25
Pval threshold WA TR p (8T B, WA R iz GOT ol & A8k 0.05

TRCRAT R 22 3T Y S AL 0 p (5 FAT foe/ S p (B RSERRY 2 [ ) LU B AN B i A LU A5 0.75

Best model proportion

Min observations needed

PHAT A 1 005 o 85 S e D WL 6

HR 4 X WF 5% DX SR WS 550 B, i XN
S AR 7 ) IS N B S NGSE 5 AN 1 8 (481
W GREES S HE— 2B BT X S 4 S5
WA= bsr R 328, sralh e Eish . RS A
ksl . PEERS R A AR, R AR
FE; PR Z AR . AR A
BWA SRR A A B2 18iR 04, LANDVIHE
B AE 4k (ANDVD) 1R EH 5 H8hs, e
Yo sh 930 7 i BUE DX R Rl aa 45, 2020) . [
E X2 X Rl a2 2.

x2 MIBZREEYS

Table 2 Interference level threshold division

Hesh G L ERTEN i

FeE S ANDVIe[0.35,0.8]
TS ANDVIe[0.15,0.35)
Biiksh ANDVIe[0.02,0.15)

3.2 FEEIEENY

R T HERGPEAR Land Trendr 3532 48 M 2144 ARIE B)
AL B HER TR, 7RIS DR X IR EE T 437 4>
SRR A, BLAE N 175 DA R AR AR A SR
2624 R AR RIRE R b, Sl B SRR A
F I TR LU PRI S AR DGR B, JR45 & i A (]
5 R GE (Google Earth) 15 Wi 4 48 b 4 5
1754, 3 ) 50 Hh 25 SR R4 XA N Sl g

ARAHRE KL 8T MR K A AR RE 51754,
HE SR AR SR AR AR . A X 437 456
S A BRE R, TR ORI | AR
FUER I S B HEATRG BE SR , PR BT 45 R Y
i o

4 LER 58

4.1 BEIEH

TRVEHFENER 3 PR, PR B A 77 0 2
ABA v, 15 84% LA I, BAKEEEILE] T 88.56%,
Kappa %00 0.76, FWIKIN 45 R 5 S kA 5 B A
RGP — B0k o XTI AR L AR T, AR T
AACAE Gy B ERAPE, IR 4 FT7R . BR T 2014 474
FEEORE B R 72% A, FLAARE Gy L T 80%,
FUREFERR 1991 4F | 2001 4FF12017 SERSAIRLAAR, H:
AR RIS T 88%, MK IAF87% .

R3OS T

Table 3 Mangrove forest disturbance accuracy assessment

el BT REBIT  BoTEEC PR %

LAV 235 27 262 89.69
RElgoc 23 152 175 86.86
1ot AL 258 179 437
P ENEE % 91.09 84.92
SRS 1% 88.56  Kappa 2%k 0.76
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£4 AR E DI T
Table 4 Accuracy assessment of mangrove forest

disturbance years

e e | 0 e i
1991 95 70 2014 72 88
1995 82 100 2015 88 95
1998 100 100 2016 92 95
1999 84 92 2017 83 75
2001 100 75 2019 95 100
2003 86 95 2020 100 100
2007 97 93 ISREN Al 87 —

42 AWKMBIHEZE S 6

&1 428 1990 4E—2020 44t H 2L AR A=
AR NS [l o3 A, Hrp X T S b S BATE
oAb, X ARSI R, $ah & A 2 1]
M FEEPTHEBHRIEE R WOE4 (b)), (¢) Fr
N, BA L 1990 4E—2020 4F 2 45.94 ha AU 4L
BEMR A T HEsh (65), 2001 43 s fUa K,
51291 ha, 20154EH120204E 7k 2, b 3h A3 )
4 10.54 ha #110.45 ha.

K5 7R T 1990 4E—2020 4E A6 ¥ 11 [ SR 15

1 DX PN 2T B MR R Bl 5 R e s o A R, Hoh g
AL S AN BEEPL B B Ee A, 4R 57.5%
12917%, =FEHLPT S LB, S 13.33%
(6.13 ha) o J™H 25311 76 2 2R 15 VY g W R X3
mEls (b) s, Bt sh b B s s,
T A3 514 26.42 ha F113.40 ha.

4.3 AEFEHEZE

1990 42 2Z 1if,  £0 B R R U 25 LT AR 1) 48
TE AL R A Y RN R BB MR b, FRAE AR A
BERTE N I Bl 2% 20 AR K TR B, 20 bRBE
Pl AN, R E AR 2 (Jia %, 2018).
1990 4E—20204F, Fifig [ 58 (10 E A% LA B N R X A=
DALY E IR, XL AR 0% . RS ME
WA THEEMN T, HrBUFS 4 E R A Kb
PRI LIRERR, BUN S Ik T 14 2 i 75 B IR 21 A
(Gl o SZ0RI T B LIRS PRI T AR 2 B T A 3 K
(ke ZURIARTE FAR TR th SR AU K . Ak
PR E PR . BR T AP LR, B R A
07 B AU 5 Fh 2R AR AT R TR LT A AR T
B, s TR IR (BT 4§, 2021), T
AR LN TR A ZIAR MR 53 B i 22 451
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Fig. 4 Temporal and spatial changes of mangrove forest disturbances in Beilun River Estuary Reserve during 1990—2020
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Table 5 Area of mangrove disturbance in Beilun River
Estuary Reserve during 1990—2020

Y T B/ha A0y A /ha
1991 1.49 2014 3.25
1995 0.70 2015 10.54
1998 0.97 2016 1.14
1999 0.88 2017 1.14
2001 12.91 2019 2.20
2003 0.18 2020 10.45
2007 0.09 At 45.94

it 2 304E ], db-Gi O B L AR BT B
M. FRFE, o EOGE R T AN TR, BR T
DL EAR P NGO Ra R ey o I NE S a7 KA G B3 9 AN
BERAIAR AL o A AT n] Ak B ) 35 5 b I /K R T 5
BETC R AR HEHEA MM A K X, JE
WO R 3R AT T R AR OB B U (Pham AN
Yoshino, 2016), 253057 8 1 T A9 20 p A=
KRBT o (S S50 9 7K Gk 31— 2 vk B e

S AR LI AR AE R TS Gy, X RS e 2%
P2 M AR (Barg, 1992) . BLAMSR T4 76
A TR K, ELA AR B A AR 22 e R AL A T A4S
R FRBAA R, XFLLRIAR | TRV BB RO AT (Y A
HARE AR 2R o A &85 R 2 g Kk iy
B — KB LALLM BN, 25 KR
LR R T RN o A SRS o QAR S N
HOCHRYERIN T —SRIE B, 7EXLEIE T, ZIR
MRARAE DL AN A E AR K LI AR, A RRK S
BNURAREAATS . S — T, AN La#fdssE
(GEAR PN RGEE R P B gl DA K N S PN IR
flo, AR X o N TR R WS JE A H I
JRUEN FVRYIE I, E A T 2 AT T K R
U G2 SAR W N ISR N = I U SR A B S AN Y N
MO N TS, ZEA AR A e 2 Bl R, 52 3T
P BT B RS I, SRIUANA B AT T i Rl A 2
RGP S RE RS, A BRAIR KW 7L
AR ZE W TS (Latawiec 25, 2014; Thomas %,
2017)
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Fig. 5 Temporal and spatial distribution of mangrove disturbance intensity in Beilun River Estuary Reserve
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4.4 BAREEZE
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i BT BRI AR L MR A L e R E
BN 01 E AR N U RA el S S S0 S W
FésP a1 e nEA SN RIS o I RN 2 N TR AV AN i)
FEJFF IR AW S S8, R KRR, A
YR B i (SR T3, 2007; Chen 4%,
2009, 2012). 200841 H—2H, KHFHHWE
W g R A T VU VR R Y B RN £ N 4 1
(5K B BRI BE 52 3¢, 2011) . 20104F ) PG B2 K
TR 21 B bR T U 3R . 2015 4F 9 H, 76 Bl I
Hig AR TR, ZHENF A EGZE T T
(7P % AR P R, 2015) . 2017-08-02,
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MAHAERXE, (Bl tiEER, 2017),

5 45 &

ASCHH GEE =35 #1 Land Trendr B35/ 8 T
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A B ] B AR AL AR AR, 45 A U — 1k R Bl 3 L
NDVITHAE LRI BB . 25 R & B«
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BTSN, Hr 2001 AR5 X N L0 AR 3 i
UK, 1291 ha, $ish%& A0 B £ 25
ARSI HT % 5

(2) 1990 4E—2020 4= 52 fl 4 zh Fn v 52 4k zh
d LR, A3 57.5% F129.17%, T E )
v i Le b, R 13.33%

(3) X £T A AR A A A% o i B A4 SR RS 32 35 2]
88.37%, it 4 A7 03 K I Ay ARG B 3k 31 87%,
Kappa %0 0.77

W B R E A NE SRR WA [
WHEHER . A HE R R2A R X R
BRI, ke, HF . AR, BERLRAK
DL Rl 2SR RS, K AT
EAFSE WY, FELLRAR N 1B A Sk 45 N it 5
A3 R K B AT, R R 2T AR A AR K 3
i S = BN S By ST S it & 7 N W b e
KA LIRARIET o AW 55 45 5 0] LUK 24 M AR
P X R AR AT 30 4E bR 1 20 R AR A 3 I 4 3 A

(R N TN D /SEAR R ST N DR 8 N S R RS
PRI PR LR SR, ad BB O H A T Vi I A )
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Disturbance of mangrove forests in Guangxi Beilun Estuary
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Abstract: Mangrove forests are highly productive ecosystems that maintain coastal ecological balance and biodiversity by providing
breeding and nursing grounds for waterfowl, marine, and pelagic species. Mangroves are highly subjected to natural and anthropogenic
disturbances, owing to their intermediate position between the terrestrial and marine environments. This study used Landsat imagery to track
the temporal and spatial changes of mangrove forests in Guangxi Beilun Estuary National Nature Reserve. The objectives of this study are
(1) to monitor spatial distributions and intensities of mangrove forest disturbances during the past 30 years, and (2) to analyze the natural
and anthropogenic factors that cause these disturbances in the reserve.

This study used the Google Earth Engine (GEE) platform to establish a time series Landsat dataset during 1990—2020. And then, GEE
constructed the image dataset stack using the Medoid method for annual best pixel composition. Based on LandTrendr algorithm and the
dataset, we studied disturbances of mangrove forests in Guangxi Beilun Estuary National Nature Reserve from 1990 to 2020. GEE enables
quick access and processes a massive number of Landsat images in a paralleled process. Specifically, the GEE synchronizes all the Landsat
data and provides different levels of processed products, including the top of atmosphere and surface reflectance data. LandTrendr algorithm
can be used to detect changes in the time series of satellite images pixel by pixel and capture pixel-level subtle disturbances.

The results show that (1) during 1990—2020, the total area of mangrove forest disturbances in the Beilun Estuary Reserve in Guangxi
was 45.94 ha. Most disturbances occurred near pearl Bay, and a small amount of disturbances occurred in Beilun estuary; (2) the maximum
disturbed area occurred in 2001, which was 12.91 ha, and the minimum disturbed area occurred in 2007, which was 0.09 ha; (3) slight,
moderate, and severe disturbances accounted for 57.5%, 29.17%, and 13.33% of the total disturbance, respectively, and the areas are 26.42,
13.40, and 6.13 ha.

According to our results and literature reviews, the following conclusions can be drawn: natural and anthropogenic factors cause the
disturbance of mangrove forest in Guangxi Beilun Estuary National Nature Reserve. In terms of natural factors, sea level rise, extreme
weather, pests and diseases, and invasion of spartina alterniflora have seriously threatened the growth environment of mangroves. In terms
of human factors, cultivation ponds and farmland reclamation directly occupy the growth environment of mangroves. Mangroves are also
threatened by wastewater from aquaculture ponds and pesticide residues in cultivated land. Parts of the terrigenous mangroves are developed
as dikes or other artificial surfaces to attract residents or visitors. This condition has also led to an increase in wastewater from domestic
production; not only does it hinder the growth of mangroves, but it also hinders the flow of matter and energy between land and sea. In
addition, results of this study can serve as an important scientific basis and fundamental data for formulating mangrove protection and
restoration strategies.
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