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Spatial-temporal variations of bare flats in the Qinjiang River estuary, Maowei Sea
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Abstract: Estuarine tidal flats generally consist of vegetated wetlands in upper-middle intertidal zones and fringed bare flats in middle-lower
intertidal zones. Spatial-temporal variations of bare flats directly regulate geomorphic erosions-accretions and vegetation successions of the
whole tidal flats. Based on multi-satellite remote sensing imageries from Landsat 5/8 TM/OLI and Sentinel-2 MSI collections, random forest
classification algorithm and Digital Shoreline Analysis System were used to examine the variations and characteristics of bare intertidal flats in
the Qinjiang River estuary (QRE), Maowei Sea (MWS) of Beibu Gulf in 1986—2021. Results indicate that, (1) the overall area of bare flats in
the QRE has shown obvious losses during the past four decades, which can be divided into four stages: maintained equilibrium of erosion-
accumulation between 1986—2002, accumulated rapidly between 2002—2007, declined sharply between 2007—2014 and slowly deposited
between 2014—2021. (2) Tidal flat accretions distributed mainly in the secondary Shajing outlet (SJO) and its inner channel of the QRE along
the edges of tidal channels, while erosions occurred in the secondary SJO, Shachong outlet (SCO) and inner tidal channels. (3) Dredging projects
in the MWS were the direct driven force that triggered the losses of bare intertidal flats in the QRE from 2008 to 2014, and the expansions of
intertidal vegetation and weakened hydrodynamics followed by extensive oyster cultivations after 2015 caused seaward progradation of the bare
flats. In addition, the modern sea-level rise has not significantly affected the dynamics of bare flats, and the losses were partly due to the reduced
riverine suspended sediment load into the MWS. This study provided theoretical and technical supports for the sustainable and efficient

utilizations of estuarine tidal flats.
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Fig.1

Study area

a: Location of the Qinjiang River Basin in Guangxi, b: elevation and location of Luwu hydrological station within the Qinjiang River Basin, c: spatial

distribution of upstream river distributaries, bare flats and mangroves forests and location of Qinzhou tidal gauging station and study area (solid red line

enclosed) in the Qinjiang River estuary, d: the baselines, normal lines and shorelines for digital shoreline analyses in four subregions.
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Table 1 ~ Satellite remote sensing imageries and corresponding tide levels
Fr5 B A ED:: 3 ¥ /m WiAL/m 2L ikl
1 1988-06-06 Landsat 5 TM 30 1.62
2 2008-05-12 Landsat 5 TM 30 1.63 o4 S e 57
3 2020-04-15 Sentinel-2 MSI 10 1.60
4 1986-08-04 Landsat 5 TM 30 3.01
5 1992-10-23 Landsat 5 TM 30 2.88
6 1997-08-02 Landsat 5 TM 30 2.98
7 1999-09-25 Landsat 5 TM 30 2.92
8 2002-11-04 Landsat 5 TM 30 297
L
9 2007-07-29 Landsat 5 TM 30 2.79
10 2011-05-29 Landsat 5 TM 30 2.74
11 2014-06-14 Landsat 8 OLI 30 297
12 2017-04-01 Sentinel-2 MSI 10 2.98
13 2021-07-24 Sentinel-2 MSI 10 3.03
BELE N Wiy TR e i ASE AN SENS #2 ATFHROAEEBRUAELR
222 #Aga Table 2 Spectral indices used for classification and the calcula-
BT GEEF £, I I R (RSO 21 %% tion formula

Wi I AR I LA B R BRI
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NDWI) . 2 i IH — 1k 7K 4445 %% (Modified Normalized
Difference Water Index, MNDWI) | IH — fk 41 #% 5 %k
( Nominalized Difference Vegetation Index, NDVI) Fl
14 5 75 FE 8% +5 % ( Enhanced Vegetation Index, EVI)
(#%£2). K5, LA NDWI, MNDWI, NDVI Fl EVI ff
S BEPL AR AR 3 S5 i s A B, B — SRR
o 53 SR KA AR BRI E =28, $R ORI 3 LT
AR O = . RO R O 2R 45 R Y Kappa
Z B Overall 237 T 85% H1 89%.
223 KA G
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Fig.2 Bare flats and mangroves forests information extracted from different resolution images
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Table 3  Extraction results of ground object area in the inspection area

KX 1 36X 2
BREE R pr T BTN
. - e AR 25 {E K6 X iR S S A
S 56 X T A /hm? 2 i 2
BREXEBh AT /o 5 Ho/% WAV hm® hmt E{E%
Sentinel-2 MSI  2021/07/24 1335 44 682 264 6.0
1718 94.6
Landsat 8 OLT  2021/09/05 1352 46 698 248 6.4
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Fig.3 Spatial variations in bare flats during different periods.

1400 y=-46.18x + 1288 i S5HmRA S B R R —2, H P 1986—2002 4F,

R*=0.41 P<0.05

-2 rp AL AL SR K i 2 b T 0N i 15 3 A8 A i
i, FEAORF LR P IR A5 (18] 6a-d) o 2002—2007
ARSI IR], I 0 PRl D' e 1 22 1) 70 4 1E 98 m, - 24 #f
MR 20.8 m/a, fie K[ A HE O R Ik 500 m, H
R AR AR BRTTART 1 H S S A % A 47 3 G = )
1986 1992 1997 1999 ZOI%ZI‘EHZ(/)(E)'Z 20112014 2017 2021 (I 6e) . E 2007—2014 ,ﬁ;ﬁ IETJ , %},_(‘/Iiﬂ [} q:%g{%{xﬁ
2 K B 5 P O 49 R 161 m, 4
-4 A DA R O Y T AR AR Ak i R

. e f.w.@”“ LR LR Ja iR MR A 23 m/a( & 6e, £, g) . 2014—2021 4

Fig.4 Variations in the area of bare flats above the mean o . o L
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Fig.5 Gains and losses of bare flats above the mean middle tide level from 1986 to 2021

a-d: Overall stability in 1986-2002, e: quick accretion in high progradation rate in 2002-2007, f-g: quick erosion in 2001-2014, h-i: slow progradation in 2014-
2021, j: the overall pattern.
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Fig.6 Spatial migrations of bare flats’ edges above the mean middle tide level

a-d: Stability period of the edges in 1986-2002, e: rapid seaward advancement in 2002-2007, f-g: landward erosion in 2001-2014, h-i: slow seaward

advancement in 2014-2021, j: the overall patterns.
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Fig.7 Changes in riverine annual water discharge and suspended sediment load (SSL) discharged from the Qinjiang River at Luwu Station

in 1971—2021 (a), and the relationship between bare flats area above the mean mid-tidal level and riverine SSL (b)
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Fig.10 Influence of human activities on the bare flats in the Qinjiang River estuary

a-c: Implementation of dredging project in the Maowei Sea; d-f: parts of the adjacent Shajing harbor were filled with dredged sediments; g-i: extensive oyster

cultivations in the estuary.
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