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Abstract: [Objective] Baiyangdian wetland is the largest wetland ecosystem in the North China Plain, and

plays an important role in improving and regulating the climate and ecological environment of Xiong’an
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New Area and even the whole Beijing Tianjin Hebei Region. Exploring the changing characteristics of
Baiyangdian wetland underlying surface before and after ecological restoration aims to provide theoretical
reference for the subsequent ecological restoration project. [Method] Sentinel-1 SAR images and Sentinel-2
multi-spectral images before and after ecological restoration (2017 and 2022) were selected to extract
spectral index features, SAR index features and texture features. Combined with random forest method, the
Baiyangdian wetland was classified, and the changes of Baiyangdian wetland before and after ecological
restoration were analyzed from the changes of underlying surface type, area and landscape pattern index.
[Result] (1) The overall accuracy of classification using spectral index features, SAR index features and
texture features was the highest. The importance contribution rates of spectral index features, SAR index
features, and texture features were 40.713%, 27.269%, and 32.018%, respectively. (2) From 2017 to 2022,
the area of cultivated land decreased significantly, while the area of wetland increased significantly. The
increase of wetland area mainly comes from the conversion of cultivated land. (3) After ecological
restoration, the fragmentation degree of forest land and water body in 2022 had a decreasing trend, and the
aggregation degree and connectivity of water, emergent plants and forest had been improved to varying
degrees, among which the most obvious was forest. [Conclusion] The landscape of Baiyangdian wetland
tends to be fragmented before the ecological restoration, while after ecological restoration, the connectivity
and aggregation of water bodies, emergent plants, and forest land have been improved, which shows that the
projects of returning farmland to lake, ecological dredging and water replenishment have increased the area
of Baiyangdian wetland and improved the connectivity of water body.

Key words: Baiyangdian wetland; ecological restoration; wetland classification; feature combination;

landscape indices; random forest classification method
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Fig. 1 Geographic location and sample point distribution of Baiyangdian wetland
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Tab.2 Spectral index features, SAR index features and

texture features for classification
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Tab. 5 Classification accuracy of 7 schemes in 2022
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» AP E R 0.973 9 0.984 0 0.991 5 0.878 0 0.837 8 0.566 7

T3 S 0.912 0 0.891 6
iilakiis 0.903 2 0.9318 0.9150 0.830 8 0.898 6 1.000 0

o EPR B NG 0.9913 0.944 4 0.9915 0.975 6 0.986 5 0.900 0

Ji %4 - 0.974 3 0.968 9
FPORS BE 0.974 4 1.000 0 0.9915 0.975 6 0.9419 1.000 0

) AP BRI 1.000 0 0.976 0 0.991 5 0.975 6 0.959 5 0.666 7

HRS e 0.965 1 0.9570
F PR 0.974 6 0.983 9 1.000 0 0.9375 0.9342 1.000 0

» AP E R 1.000 0 0.992 0 0.991 5 0.918 7 0.9459 0.600 0

Ji %6 S 0.9514 0.940 2
iilakiis 0.905 5 0.946 6 0.991 5 0.982 6 0.933 3 1.000 0

X AR 1.000 0 0.9722 0.9915 0.967 5 0.986 5 0.900 0

E - 0.978 9 0.9743
F PR 09745 0.990 6 0.9915 0.991 6 0.9542 0.964 3
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Tab. 6 Importance ranking of feature variables of scheme 7

AR & /% RHEAS & /%
TR 2 7.695 MK AR EL 5318
XF L 6.398 || A EME 4.716
B4 6.397 15 4.667
REIIFERE 6.201 BRI BES 4.044
VA — A B2 6.029 || FHL 3.641
S T B S AN 5.902 B LR 3.542
H— kR 5.780 HHFRAE 3.441
HUH BT 5.571 I 3.420
SRR AL 5450 || JEFEUNREZE 3249
ST EPEEER 5.364 T5 % 3.175

X 45k, #fHb 50 il 5 Ad 3R 90 H B Hb—3E K ) —
T KA — KA 2 T, 5 A S Ve S O T Fi 25
REA—F

XFEE 2017 FEAT 2022 4F [ PR GE S USSR B
FeR B: 2017 4F IR HB AR 156.74 km?, 7T
X G A1 45.08%, P aliK 4 65.15 km?, ¥F 7K
¥ 21.05 km?, #E/KFEY) 70.55 km?; 2022 4 [ HEE T
AR 226.56 km?, (5 8FIT X R TR 65.17%, H
HaliZKAR 29.35 km?, KA 66.15 km?, $EZKAEY)
131.05 km*(F 7). 2017—2022 E[a], [HEELE IR
A 5% 255 358 0, B Rt T R 25 R AR, A b T AR 4
(£ 7o XFEL 2017 A1 2022 F 10345 R E (K 2),
H A B 5738 A R b IX g 35 7 g T 30 R S M E b5
CEAVED, 18 2022 5 HF b3 A0 L, e 423 2

()30 3 Y Hh G 7 A bR s AR T 2017 4F, 2022 4R (1)
TR KA 35 S O
2.3 LRI REBST

B A VE R I BE LR AR A R A IR, TH AT
3] 20172022 F 1) L HUF R AR PR (R 8) ., 1R Hh
ARG K 3 2ok B T #F i f5 46, 18 3 B R
AN T R TR AR B R e R s, R RO BRI A
b )3 7K E ZCRE A2 DX S AT bR b P e 4, 2 46 T A
43514 15.987 0. 51.4159 1 10.534 5 km*. 2019 4
7 H, BEEE UG SR E L1, MR
TE B2 SO S HGE S P 21 N2 A 5 B3] X
1, IR BHAE AL 16 500 (11 km?), & RILRENE
A, 2020 4F, FEEVEFUE XEE— 2P SR
AR A VE « B BEIEVE TFE I ) St K 7
JEEHIEAA 2017 4R/ 156.74 km? BEINE] 7 2022 4E
f] 226.56 km?.

TE XA A R AR THT AR G KA A + 4l 7K A4 K
86.2 km* ¥4 N %] 1 95.5 km?. /KR AR A K — 5
T RJE TR BEVE, 7 — 7 T RIE T Ak, 35
T AT AN K R 55 22 /KR 2238 D e S AR AR 3 A
g, HERF TR IXKALREE . B T IR AR 2 fA)
(G e, YRt S S A 2 B R A ¥ AR S5 3, bl
IKAA 35 K RE P P e 4 (36.296 6 km») T NI & o FF
Wl KA K T AR e KA 5, — e FR P L
PEVE I M K R A ZS A E 2017 4R LASRAG 2] T
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24 =WIE/RIEEIW
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Tab.7 Area and proportion of various types of
underground surface in Baiyangdian wetland

20174F 20224
HhZ

THF/km? 7 bb/% THF/km? 7 /%
JEandiibiil 20.58 5.92 18.44 5.30
Hrh 158.92 45.71 82.19 23.64
A KA 65.15 18.74 29.35 8.44
IFIKHEY) 21.05 6.05 66.15 19.03
HEKHEY) 70.55 20.29 131.05 37.70
Mt 11.42 3.29 20.47 5.89
Bt 156.74 45.08 226.56 65.17

MR PR B, [F) s B B %, P35
PEBR T AN, W R 1Z 5 IR RIBAR 4 . 2017 4,
KA BEZK R AP I (Y BE R H KT 2022 4,

BIBEHR AR T 2022 4F, BEIA LT 2017 SE (RS
BEHD, 2022 FCEBEE G H I JE IR H SO
PEACFE ARG . @ P BRI A R BT AR
IE [ — S5 U0 2 R (0 B 322 38 R SR AR R B, (MK
FETN % e I S Y I B B SR AR . 2017—2022
AR, KARHTEEYE A 0.032 1 H 03] 0.042 8, H#E/KHE
PIIX IR 0.016 1 38 1% 0.023 45 KA R E TR
M 91.844 6 HEINE] 94.113 4, FEAKFEAIX KM 86.129 0
Ha N F] 88.514 6, MRith A\ 59.743 2 3 F 71.749 6
(KD EXUHAEBBEE, KA BEKHE YR H
H 5 @ R R A AR R
A5 PR BT I T X3 5 U AR A A 5 HE I
2017—2030 4, ¥ UE X BT H o A e T4,
BBV R, PRBEE FR AR A8 B iR 2 (v
VESOUAG R ARG 3 RAEH . AT 45 R 5%
FEAR

R 8 BFIEEM A AEBER

Tab. 8 Land use transfer matrix of Baiyangdian wetland km>
20224F
R TH —
jandachii Hith afi Kk FKIEY HEKHEY) it
FE 5 13.062 0 1.1818 0.0114 0.124 0 5.073 4 11221
Fit 3.596 1 73.670 7 3.752 1 15.9870 51.4159 10.534 5
20174 AR 0.1202 0.934 3 22730 1 36.296 6 4.8307 0.2459
EVINEE)| 0.053 6 1.904 1 1.9557 9.962 7 6.7139 0.459 8
HEKEH) 1.1109 3.534 1 0.853 1 3.463 1 56.984 9 4.6170

Mt 0.493 5 0.984 8

0.056 4 0.330 6 6.065 1 3.4951
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Tab. 9 Landscape pattern indices of Baiyangdian in 2017 and 2022
ik DR H SR PRI AR e BER RESRH
%
20174F 20224 20174 20224 20174 20224 20174 20224 20174 20224
R 4256 6812 0.483 4 0.270 6 0.0323 0.026 8 97.064 5 95.608 0 87.053 3 82.622 9
i 16 890 16 884 0.940 5 0.486 7 0.017 1 0.0110 99.5575 99.341 2 89.436 8 89.642 3
KA 6194 4161 1.390 9 2.294 0 0.0321 0.042 8 99.428 7 99.322 4 91.844 6 94.113 4
HEKAE 13236 11495 0.532 6 1.1395 0.016 1 0.023 4 98.101 1 99.781 8 86.129 0 88.514 6
bz 13 664 12 649 0.083 6 0.161 6 0.0125 0.014 5 81.414 0 93.071 4 59.743 2 71.749 6

3 4T Yo

1PV IR T T 5 A, 4% R S R k3, S
TR AR R 1, A0 B — SR VB R 1 10 4 45 S
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NS B 1 TR, A 28008 G 7 <R 4 53 1< il
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S BB MR 4y 23, %07 15038 S T He
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BEAS S5 5 HOWE B P S22 22 15 GPS 5 fir), 7T BA
AT T 0I5 B A i PR 18 22, 32 40
KRB RE . A0 1 VR 4 10 4 2K B T8

BARF BT, T TR 3 10 5 2 45 Bl A7/ —
SE PR RBUER g 5 o AR MR AR ik /D> I e ABUER gk
PP, T E RRTE A AT SR A BN B,
T R IT5#T 539 Zhang S5PYH] Sentinel-1
H GF-6 se G B AT SRR 28, WL T TR &R
FIIEF X R G R, RIVFET X R0 KR
WL LR BT 2, I HAG T I B 2l
FIEE = RS B

FEXF 9 Y 0 A8 A 155 0 1 2 B o, 10 T i
Hb TR ERTHI S T 2 18] A R SOWAS SR AR 4, (HUER
S PR b X K R AR 250 HT . 2018 4R
T R FH nin B OO AR A YE + R + KA
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KR, 5 LRI, JE X TR TE K, SR eiAih
H, DA BRI . PR KIT T4 N 2017 4F
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