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Fig.1 Overview of study area
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Tab.1 Data sources
Bm e A E/ R AR AR5y 73 [A] 73 HER
FEK ARG 2001—2022
L KR Rk 2001—2022
b2 I GLDAS-NOAH 3.6 2001—2022  0.25°x0. 25°
R GLDAS-NOAH 3.6 2002—2022  0.25°x0. 25°
7KL BEA] K A5 FII r [ b TR 2R BE K SCH BT B M A S T 1997—2022
R KAz o SR 2R B K SCH B A B M A S B 2001—2022
- TA] IR e Hh [ SR 2R B K SCHL R RS MR ST Br 1997—2022
HE T ]
A el 1T e Hh ] b B R 2 B K SCHB B IR BE L BRF ST T 2001—2022
NDVI il Landsat7 .8 .9 i35 H 2002—2022 30 mx30 m
RSEL {FHM 547 WET i Landsat7 .8 .9 715545 1 2002—2022 30 mx30 m
LST i Landsat7 .8 .9 8454 H 2002—2022 30 mx30 m
NDBSI i Landsat7 .8 9 15815 H 2002—2022 30 mx30 m
ot N R LandScan 2FR A H 4015 2002—2022 1 000 mx1 000 m
N B A
+ M | FH Sentinel-2 2002—2022 30 mx30 m
3 RN T WET FYRHE ) & 359 8 1EAE, R BT EAT A 838

3.1 RSEI 524418

T B UE RSEL J5 ik & 244 , X NDVI \WET |
LST 1 NDBSI 4 N8R4 E 5500, BRT5
BRAE 5 — F 3 (PCAL) YT 45 2R (R 2) .
2 2 AT, 55 — 3 4 (PCAL) B BTk % R
71.23%~92. 19% , BEAE i B I o0 5040 7 22, ik
T HAE RSEI #RI A i R0 37 . 7E PCAT 7 NDVI

B3 B A 1E [ 520 ; LST Al NDBSI FUAFAE ) 5k 11
B, ZHEN SR EMNESHEREMC, X 55
PrRAgOCAHATF , 3% LR A [ 2 1) BU0E B b 45 A2 A 1A
F7E RSEI A5 A i (g A G AL, (B T Hxt AR 38
BRELG AT ST AR . 25 1, PCA &5 +F
RSEI #5443 %0, 22 B0 — 4k J5 B9 48 b 58 HE i
SR DX ) A A PR T

Fz2 PCAl &R
Tab.2 Results of PCA1 analysis

4y NDVI  WET LST  NDBSI  Bi#k¥®/% | 4  NDVI  WET LST  NDBSI TBiik#%/%
2002 0.81  0.10 -0.56 -0.33 89.59 2013 0.82  0.12 -0.57 -0.14  88.23
2003  0.85  0.07 -0.50 -0.11 74.97 2014 0.8  0.08 -0.61 -0.30 71.23
2004 0.87  0.08 -0.53 -0.09 90. 33 2015 0.91  0.11 -0.58 -0.37  86.99
2005 0.80  0.12 -0.53 -0.08 88.78 2016  0.83  0.09 -0.63 -0.43  88.97
2006 0.83  0.11 -0.62 -0.34 89. 09 2017 0.8  0.07 -0.59 -0.21  88.35
2007 0.85  0.09 -0.51 -0.13 72.84 2018 0.80 0.06 -0.60 -0.12  90.31
2008 0.80  0.06 -0.46 -0.12 91.33 2019  0.83  0.06 -0.62 -0.43  88.60
2009 0.81  0.04 -0.48 -0.13 73.63 2020 0.8  0.03 -0.57 -0.13  73.54
2010  0.84  0.07 -0.58 -0.40 90. 82 2021 0.8  0.04 -0.63 -0.11  90.33
2011 0.87  0.10 -0.55 -0.35 73.85 2022 0.8  0.03 -0.60 -0.11  92.19
2012 0.90  0.03 -0.54 -0.12 87.76
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Fig.2 Spatial distribution of RSEI in Zhongmu section of lower reaches of Yellow River (2002-2022)
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YR FEMERCR A PR 5 (0. 0,0. 4] IX BT AR 4 Eb
M 329%3EEE 42% , I W NS B (ki Ak &
M) A SR DR (oK B R kAR AR AR ) X
IR AY U SE NN . RSED A5 8U RE % R A 2534
53 00 i A e 2SRRI (B JGIE ff R IR I, BT
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Tab.3 Area and proportion of ecological index distribution (2002-2022)

2002 4F 2006 4 2010 4E 2014 4F 2018 4F: 2022 4F
RSEI & AR el mA, Ll WA el [ AV A V4 R, el (TR AV & 111V

km? % km® % km> % km> % km® % km” %
[0.0,0.2] 18.18 5 26.32 7 16. 60 4 15.63 4 15. 86 4 13.50 4
(0.2,0.4] 98.77 27 111.41 30 110. 75 30 73.55 20 106. 03 29 139.01 38
(0.4,0.6] 114.36 31 117. 68 32 124. 05 33 147. 42 40 119. 49 32 109. 81 30
(0.6,0.8] 107.66 29 60. 98 16 76.21 21 106. 27 29 128. 44 35 101. 31 27
(0.8,1.0] 31.70 9 54.30 15 43.07 12 27.81 8 0.87 0 7.05 2
3.3 BHMASHEREELIEIEEZSH sk TATIETE A N R R RN R A

KT IRABG S N A BR A A 3.3.1 Rg 5K

AL B AR SIAIL] , oo B T R A S IR AL Y
FRIRBIINER A TG MR R R A

S 7R | K 78 R Fil b 385 5 52t LA
PRk (& 3(a) FE 3(b) ), 2001—2022 4 [a] [



6

e b ok R K LR S s A AR BE S D

2026 49 H

KM 578 mm [ TFF] 692 mm, ZE & & M 654 mm
T3] 788 mm , M FR IR SR LT 0.04 °C L7
RAEKAY BT RE S BQRH K AL SR, K 53
DR LR N e N W T L L= 5= o e e A

(10,407 cm (40,100 ] cm A1( 100,200 ] cm IR JE 1Y
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AE1Y) 256 kg/m® RN BE X K ARG ER R R A
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LA E s AT Y

W, 5 WA A K S i

KR S i BRI AE S R AR EE FERAE SR, H ST REA B TR IR &
ST GLDAS-NOAH %, 1153 T 454E[0,10] em,  {EATFRpEE b I HAS I 0
1200F iR 14.58 - — WY 300 —[0,10] cm; — (40,100] cm
g ’ e : N __260¢ < (10,40] cm; — (100,200] cr
mﬁ 1000+ T HRRE O 1456+ & 220/
& 2 1asa) < 180
B 800) E 1407,
= 600 - B
% 1450 R e R
. 14.48 20

400 L . \ . .
2002 2006 2010 2014 2018 2022
A

(a) FR/KERMZR AR

2002 2006 2010 2014 2018 2022
Ay
(b) HEIREZ

2002 2006 2010 2014 2018 2022

Ehy
(c) LHERRE

B3 MBAkEFREMREEMTERENTUER

Fig.3 Variation trends of precipitation, evaporation, surface temperature, and soil moisture

3.3.2 twAA

T 2002 4E 2006 4E 2010 4E 2014 4E 2018
AEFN 2022 4E 5 H 4 Landsat $21%, 45 & (P E + #
TR R G ) M IR AR 2% 5 800 o i 4
P, oA T MR AR AR . S5 SR (K 4 Nk 4)
SR FEHL AR & FE A 2002 4R 71, 32% F 3

2022 414 63. 32% , #15E FHHLTHI AR (7 H A 2002 411
20.93% F T3 2022 41 29. 63% , X FhiEAR 35
JETHEE FHH P 5k, S BOR O Mo > K £ 3
SN R ko] YR K A3 AR RE 55 5 TR R
AP MR AL, BHAS T /KB 7, 3 R K AR
JEIF AT REHI 55 1B i K R EFRE T

(@) 20024F (b) 2006%F (c) 2010%F
(d) 20144F () 20184 (f) 20224
0 ¢ 12km [wme [ ks [ Rrmse [ e

B4 o7 Rz ECRE

Fig.4 Spatiotemporal evolution characteristics of land use

x4 TP AXRBRERREGIEL

Tab.4 Changes in area and proportion of land use types

e 2002 4§ 2006 4F 2010 4 2014 4E 2018 4F 2022 4F

ey (11 VAR = 7 VAN 1111 VAN 1 VAN 1111 VAN 1 VAN 1111 VAR 1 VAN 1111 VAN 1 VAN 1111 VAR A Y V4
km® % km® % km® % km’ % km” % km® %

ML 263.88  71.32  257.73  69.65 244.26 66.01 242.74 65.60 241.71 65.32 234.31 63.32
i 0.02  0.01 0.43  0.12 0.23  0.06 0.21  0.06 0.09  0.02 0.84 0.23
KK 28.63  7.73  30.11 8.14 3525  9.53  30.04 811 2547 6.8 2522 6.82

KFEHHL  0.04  0.01 0.02  0.00 0.16  0.04 0.06  0.02 0.03  0.01 0.01  0.00

WML 77.45  20.93  81.73  22.09  90.13 24.36  96.98 26.21 102.72 27.76 109.65 29.63
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Driving Mechanisms of Ecological Environmental Quality
Evolution in Typical Wetlands of Lower Reaches of
Yellow River Based on Machine Learning

SUN Xiaoyue'*?, CAO Wengeng'”, LI Xiangzhi'?,
HUANG Ziyi', NAN Tian'?, GUO Jiju', LONG Min', ZHANG Rong'

(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, China;
2. Key Laboratory of Groundwater Contamination and Remediation, Hebei Province & China Geological Survey,

Shijiazhuang 050061, China; 3. China University of Geosciences, Beijing 100083, China)

Abstract ; [ Objective] This study aims to reveal the driving mechanisms underlying the degradation of wetland ecological en-
vironments in the lower reaches of the Yellow River, thereby providing a scientific basis for wetland conservation and restora-
tion. [ Methods] This study focused on the wetland zone along the Yellow River in the Zhongmu section, a region where
hydrological regulation and ecological sensitivity intersected. A driving force identification framework was developed by in-
tegrating the remote sensing ecological index ( RSEI) with machine learning methods. The evolution of wetland ecological en-
vironment and the dominant controlling factors of the wetland from 2002 to 2022 were systematically assessed. [ Results] (1)
The proportion of area with high RSEI values in the study area gradually declined from about 9% to about 2% , while the pro-
portion of area with low RSEI values continued to increase from about 32% to about 42% , indicating an overall trend of eco-
logical environmental degradation. (2) The random forest model identified precipitation as the main driving factor affecting
wetland ecological environmental quality. Precipitation was positively correlated with ecological environmental quality, with a
contribution rate of 37.4%. Among land use factors, the expansion of water bodies exerted a positive effect on ecological envi-
ronmental quality (with a contribution rate of 5. 7% ) , whereas the expansion of built-up land showed a negative impact ( with
a contribution rate of 7.9% ). An increase in depth to groundwater was negatively correlated with ecological environmental
quality, with a contribution rate of 13.3%. Through regulation of water conditions, soil moisture, vegetation growth, and run-
off processes, these factors significantly influenced the multi-scale evolution of wetland ecosystems. [ Conclusions] The inte-
gration of RSEI with machine learning methods provides an effective approach to identifying the driving factors of wetland eco-
logical environmental degradation. By reasonably regulating land use structure and groundwater exploitation intensity, the ad-
verse impacts of human activities on wetland ecological environments can be alleviated.

Keywords : lower reaches of Yellow River; wetland ; machine learning; ecological environmental quality ; driving mechanisms
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