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Abstract: This paper is the result of geological survey engineering.

[Objective] Based on the health status and resilience of the ecosystem, a risk assessment system of lake basin ecosystem degradation
was constructed to provide a scientific basis for ecological environment protection and sustainable development at the basin scale.
[Methods] Taking the Chahannur Lake basin on Bashang Plateau as an example, the interactive risk assessment matrix of ecosystem
health and resilience was created, the ecological degradation risk assessment system was established, and the risk assessment of
ecosystem degradation in the ChahannurLakebasin was carried out. [Results] 91.10% of the region's ecological health was in a good
state, and 6.66% was excellent. In the basin, 22.76% of the regional ecological resilience level is 1-2, and 75.00% is 3—4. The results
of the interactive assessment showed that 27.51% of the basin was in a state of low risk of ecological degradation, and 70.25% of the
basin was in a state of medium risk. [Conclusions] The ecosystem of the Chahannur Lake basin is generally good, but the risk of
ecological degradation is moderate in local areas due to poor resilience. The assessment method proposed in this study can accurately
classify the risk level of ecological degradation at the watershed scale and provide a basis for the scientific decision—making of

precise ecological protection and degradation control measures.

Key words: ecosystem health; ecological resilience; risk assessment; Chahannur Lake basin; hydrogeological survey engineering;
Bashang Plateau; Inner Mongolia

Highlights: Based on the assessment framework of ecosystem health and resilience, a watershed—scale ecological degradation risk
assessment was proposed to study the ecological degradation risk in the Chahannur Lake basin of the Bashang Plateau.
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Fig.1 Geographical location of the study area (a), high—definition remote sensing image (b) and field photograph (c)
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Fig.2 Assessment framework of ecosystem degradation risk
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Table 5 Interaction matrix for assessment of risk levels of
ecological degradation
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Table 7 Value results of ecosystem indicators in the Chahannur Lake basin
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2 A& R 2 48.05 48.75 54.50 99.67 96.54 99.22 96.17
3 W REE 2 57.81 72.62 56.30 99.88 97.50 98.63 95.89
4 HPHAE 54.71 60.19 49.89 99.47 96.93 99.00 95.29
5 K 2 28.36 53.68 63.65 99.98 95.87 98.74 96.79
6 PN 47.80 46.78 56.48 99.22 97.00 99.18 97.22
7 KEW: 2 37.00 58.51 58.01 100.00 98.92 97.74 93.09
8 VAR 41.52 49.93 60.07 100.00 92.86 97.40 92.15
9 Kopit 2 48.20 4835 59.61 99.98 94.73 97.95 93.63
10 RIS 2 55.37 4727 57.14 100.00 96.64 98.53 94.59
11 KE#Z 41.78 51.57 60.37 99.98 94.14 98.63 95.32
12 Al 2 52.67 57.49 51.83 99.43 96.87 98.95 94.93
13 XSy 5 #E 26.62 52.56 63.20 99.98 95.86 98.44 95.53
14 —5hz 26.23 52.63 63.86 99.99 95.97 98.75 96.69
15 AEHR 2 50.29 58.15 52.73 99.49 97.71 98.80 94.38
16 2 AR 29.91 43.93 61.65 99.99 96.07 98.50 96.38
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19 R 2 39.51 36.51 60.71 99.98 97.20 98.92 97.21
20 Wi 70.23 60.53 53.52 100.00 95.54 97.79 94.15
21 +tHZ 36.72 55.93 60.45 100.00 92.87 97.88 93.81
22 LHEE 40.00 55.25 60.77 99.48 91.29 97.95 95.72
23 FEFEH 45.18 52.77 56.41 99.99 96.74 98.08 93.58
24 =T 50.10 52.32 58.36 100.00 94.78 98.34 95.20
25 + )\ LhiE 58.19 43.65 55.39 98.89 96.44 98.92 96.61
26 A2 55.87 52.74 56.58 100.00 93.52 97.43 91.85
27 i R BAEH 49.26 56.13 59.43 99.73 97.31 98.68 96.28
28 Eilie e 55.92 51.83 54.48 100.00 97.12 99.03 96.03
29 /N 38.99 58.10 58.18 98.90 96.23 98.81 96.44
30 KM 57.68 61.47 50.80 99.53 93.11 97.29 92.76
31 BZ 29.88 55.33 62.12 99.98 94.63 98.45 96.31
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Table 8 Classification of ecological resilience index

I3 1% 2%

3% 42 5%

EEWE e (R R=0.64 0.58<R<0.64

0.52<R<<0.58 0.46<<R<<0.52 R<<0.46

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


http://geochina.cgs.gov.cn

SIS I BRISAR: JE TR 5K T i 25 R GTIB A T —— LA b o S R i R i A 191 1041

113°30'0"E 114°0'0"E 114°30'0"E
R
z .
o Z
=] =)
& B
< &
<
Iz
o g
= £
S S
N gl
. <
s
N
Z — 4 % Bounda N BIE: K
> HF BC Ty A SR T Z.
= Y Rivers Ecological resilience level & =O
o | I Lakes I 1 %% Level 1 re
< [ vkt Basin[]2 %% Level 2 0 15 30 km o,
134 Level 3 [ ] <
[0 4 % Level 4
113°30'0"E 114°0'0"E 114°30'0"E

K5 AW 55

Fig.5 Ecological resilience level

H A 25 RGBS A T
4 o

41 HMESREFRUMESE

A R GRIRAE A T I Y E PR ]
Bz — (X545, 2021; Li et al., 2022; Zhang et al.,
2022), A SCHE A AR S R e fa i 5 R 1 AL HE
R T HIE  BEK ., 2K k. BiE MR K. R
FIHZEBI 53t &2 3 sh S AR AR R . K
BI04 AR 1) S 3R, o Xl
K IBFEILLR R (BRI A 55, 2021; ARIHAE, 2021) . ¥t
BN A S K 2 EATHE R R T 7K, 7EAR %
KRR 400 mm AT 52 BRI BT (Li et
al., 2019), i T /K Ry el b AR PR T S Atk 1 S A,
T N Y e R i M R KRR S EER 1k
YA IR S5 A 25 A8 (Chen et al., 2022b), {4
R RG22, fE 2R AT 5 N, I b
XA A TR AR e (XINEFA 4, 2020), FEK
o IR R B S N AR R SR T s, E— 2P

11303:0'0"13 1140.0'0"15 1140:.)’0'0"13
}\i
Z ¢

o z
5 =]
& rS
< 3
<t
1 o 7 |5
— - A
<t VAR 2
d ) '; e 4 - : B ~

- ;?

i ﬁ ‘» . ﬂc;

/ '

= AN
> ya

z w [
el — 4 % Boundary s 4¢3 S ! :Z
=3 o AR >
o:r El ’g“‘i E‘\l’(m Ecological degradation risk =)
). Lakes [k L o
T ¥eBkAEIH Basing— 2% Lower 0I5 30km

[ 1P% Medium
113°30'0"E 114°0'0"E 114°30'0"E

Kl 6 ST IRl R A 25 R GEIR AR Pt 45
Fig.6 Risk assessment results of ecological degradation in the
Chahannur Lake basin

SR A SR ERS BE. FEAHEE G,
Hi ) FH 2R R S O A A KU 3 R B R
(R EZWBHE, 2017; B2 SCAE, 2022; 17 5%,
2023), M 20 tHeg 90 4FAR LAk, i Bl N iR &
JEAE BB SR, O SR T (MR %,
2021), AN RS PN A= HUR R 25 A e A, 3R 800
S HEIE TR K IR (TR SCEAE, 2021), #i R KA
W, B RGMERM— DA 2% TERZFH ISR
i, 2% BRI ZR 28 B S AR o T B X0 TAE S
I SZ IR, H A8 B PR X6 A 285 0 5 i) 2 1 28 v 448 ik
B, T AN 2 T87 B B h (Huo and Sun, 2021), FHAkiX
AP R A R 20 A A ) DT HR AT SR R — T LA B AR
AY4E 45 (Zhu et al., 2020; Wang et al., 2021; #& {5k
45.2023),
4.2 HEFXIR RS T4 9 52 A

AR R GRS W I S e 8l 17—
SERIFFE A S (R, 2015; FRTH4E, 2020), H
FIT AT 5% 3 AR e AR 2538 TR XU 118 42 il 5 £ 4

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


http://geochina.cgs.gov.cn

1042 il

Hb, Ji 2024 4F

D7 (5 KA, 2020), T A R A0 KU A PEAN 45
W, WA AW P S5 X (Jiang et al., 2017; 15725 15
8F,2021), x5 X 3alsg g A= SR AR B OCEE R 2, 11
BRI A 2548 52 1 it (Peng et al., 2017), 7E45 7]
LA, R AESBE SR ERAHR . R
PR oE X A AR S IREEIRIL, 256 A AR AL KU P
55, DL S BORPENY BT, XA ST R S
FERICE 7)o AR AR XU AR A X 38 0] 43 [ R
BohE, FEAFERIESEAK S, FEEHT
XS T LU RV 224, oK R, A SR T
A, AT Ll AR AR RGN B FRAK A B ) SE RS
B4 o A AR AR XU AR 9 X 38400 43Sk F AR A
RHENTGI N, FEEFEMNET 2 5K
FEN 742 4, 202 R T X B 98 8 55 5
U, A Al RRR O R4, (HHD R K BERARTR, AR A K
B — R, FRE N TR LU B, TR R Rk
NN AN T2 € S I Wi R SRS S W E SN
MPEEl o AR AR A XURS: Hh S5 Y IX S8 43S A T3

113°30'0"E 114°0'0"E 114°30'0"E
N
Z . A
o 2
=5 o
o =
[\ ro
= &
g
iz
e z
S | =)
& LS
d 3
o
N
&
o A ' { Tz
o1 %l 5'?“ Boundary /f: 5 3 SR 4 it ! =)
. = 7;?@ Rivers  Ecosystem protection measures s
)it Lakes [0 [ 944K % Natural 0 15 30 kml =
I3t Basin ] A T3] 5 Artificial —— N
[0 {4 A T3] 5 Natural and artificial

113°30'0"E 114°0'0"E 114°30'0"E

B 7 SRR AE 25 R GRS 1T
Fig.7 Ecosystem protection measures in the Chahannur Lake
basin

TN E, EEAHRELRE S 5/NETHAEND
22 S, TR B AR A R G2 B R sh B 4
R 2 FL T RE AR 32 IR AEL, 2 A4S R GUIRE T8
AR AR, RS RGBT E ]
AN sy B Bt A7 900, TEE ML B /K MR i 28
KRHEER A, JT et T K HCR K BCRA4F, d i
R 53 1R 7K A SR X T e i KA, PR A2 I A N
o3 A AR AP X N TG B AR S R G AR Y
.

5 45 i

(DA TS RG R 5 158 H X
BEAG A RS, 258 % 8 W TAS R GEZm i
SR T — R R AR S R GEREA
B vk, e TR—E T REX AR RSN
PR Y S

(2) LISk & SR PER BT, S8R T
A 290 S A SRS T RAF, o i 8w ALY
91.10%, 2 > S BHAL TO0 T, i il i ALY 6.66%;
8 N S AR 1 FE AT 1~2 9%, i ik AR
1) 22.76%, 23 1~ £ FHAL T 3~4 94, & U 3k A R
75.00% . ZEVF IR Pk A A B R by, (IR
piL e

(3)iH AT ZRA 5 A S EER 5K 1, X5
IR A 7S R G AR AL KU HEA T VEA, 45 5 s Ui
BNA 94 2 A R GRS b TI% 5 31K,
R AR Y 27.51%, 22 > £ BAL TR A,
TR 70.25%, 38 A TG s -5 8¢ vm USRS & 4
ST IR T R A S R GRS Ak 4

References

Chen P, Ma R, Shi J, Si L. 2022a. Effects of groundwater depth and salt
content on vegetation in dry lake basins: A case study of Chahan
Lake, Northern China[J]. Geofluids, 2022: 1-14.

Chen X, Wang Y, Pei H, Guo Y, Zhang J, Shen Y. 2022b. Expansion
of irrigation led to inland lake shrinking in semi—arid agro—pastoral
region, China: A case study of Chahannur Lake[J]. Journal of
Hydrology: Regional Studies, 41: 101086.

Chen Xiaolu, Wang Yanfang, Zhang Hongmei, Liu Fenggui, Shen
Yanjun. 2021. Study on extraction method of irrigated farmland
based on ESTARFM NDVI in Chahanur Basin[J]. Chinese Journal
of Eco—Agriculture, 29(6): 1105-1116 (in Chinese with English
abstract).

Cheng X, Chen L, Sun R, Kong P. 2018. Land use changes and
socio—economic development strongly deteriorate river ecosystem

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


https://doi.org/10.1016/j.ejrh.2022.101086
https://doi.org/10.1016/j.ejrh.2022.101086
http://geochina.cgs.gov.cn

SIS I BRISAR: JE TR 5K T i 25 R GTIB A T —— LA b o S R i R i A 191 1043

health in one of the largest basins in China[J]. Science of the Total
Environment, 616-617: 376-385.

Das A, Basu T, 2020. Assessment of peri—urban wetland ecological
degradation through importance—performance analysis (IPA): A
study on Chatra Wetland, India[J]. Ecological Indicators, 114:
106274.

Dong Jiaqiu, Zhang Jun, Gu Xiaofan, GaoHaibo, Yang Bo, Yang
Xiaodong, Zhao Chunguang, Zhang Tiegang, Yin Lihe, Wang
Xiaoyong. 2023. Assessment of the degree of vegetation
dependence on groundwater at basin scale in semi—arid region: A
case study of Tuhe River Basin, Ordos Plateau [J/OL]. Geology in
China: 1-19 http:/kns.cnki.net/kems/detail/11.1167.P.20220822.15
56.026.html.(in Chinese with English abstract).

Ebrahimi Khusfi Z, Khosroshahi M, Roustaei F, Mirakbari M. 2020.
Spatial and seasonal variations of sand—dust events and their
relation to atmospheric conditions and vegetation cover in
semi—arid regions of central Iran[J]. Geoderma, 365: 114225.

Fu Mengdi, Tang Wenjia, Liu Weiwei, He Yuejun, Zhu Yanpeng.
2021. Ecological risk assessment and spatial identification of
ecological restoration based on the perspective of ecosystem
services: A case study of the source region of the Yangtze River[J].
Acta Ecologica Sinica, 41(10): 3846—3855 (in Chinese with English
abstract).

Fu Zhenghui, Yang Yang, Jiang Xia, Guo Yunyan, Wang Shuhang.
2021. Risk assessment of human activities on ecological health in
watersheds: A case study of Hulun Lake Basin[J]. Environmental
Science Research, 34(4): 785-791 (in Chinese with English
abstract).

Guo Shanshan. 2022. Research on the Coupling and Coordination of
Ecosystem Health and Urbanisation in the Yellow River Basin[D].
Beijing: China University of Mining and Technology, 1-227 (in
Chinese with English abstract).

Guo Xiaodong, Wang Xiaoguang, Liu Qiang, Wang Changqi, Xiao
Changlai, Cheng Xuxue. 2021. Groundwater resources and their
ecological and environmental problems in the Songhua-Liaohe
river basin[J]. Geology in China, 48(4): 1062—1074 (in Chinese
with English abstract).

Han Shuangbao, Li Fucheng, Wang Sai, Li Haixue, Yu Lei, Liu
Jingtao, Shen Haoyong, Zhang Xueqing, Li Changqing, Wu Xi, Ma
Tao, Wei Shibo, Zhao Minmin. 2021. Status of groundwater
resources and its ecological and environmental problems in the
Yellow River Basin[J]. Geology in China, 48(4): 1001-1019 (in
Chinese with English abstract).

Huang Zhou. 2017. Ecological Health Assessment of Nanxi River
Basin Based on GIS and RS[D]. Hangzhou: Zhejiang University,
1-84 (in Chinese with English abstract).

Huo H, Sun C. 2021. Spatiotemporal variation and influencing factors
of vegetation dynamics based on Geodetector: A case study of the
northwestern Yunnan Plateau, China[J]. Ecological Indicators, 130:
108005.

Jaiswal D, Pandey J. 2021. River ecosystem resilience risk index: A
tool to quantitatively characterize resilience and critical transitions
in human-impacted large rivers[J]. Environmental Pollution, 268:
115771.

Jiang W, Li J, Wang C, Chen Z, Liu Y. 2017. Marsh wetland
degradation risk assessment and change analysis: A case study in
the Zoige Plateau, China[J]. Ecological Indicators, 82: 316—326.

Jin K, Wang F, Zong Q, Qin P, Liu C. 2020. Impact of variations in
vegetation on surface air temperature change over the Chinese
Loess Plateau[J]. Science of the Total Environment, 716: 136967.

Kang P, Chen W, Hou Y, Li Y. 2018. Linking ecosystem services and
ecosystem health to ecological risk assessment: A case study of the
Beijing-Tianjin-Hebei urban agglomeration[J]. Science of the Total
Environment, 636: 1442—1454.

Li Meina, Yin Ping, Duan Xiaoyong, Dong Chao, Cao Ke, Yang Lei,
Chen Xuanbo. 2022. Study on land use change and ecological
environment effect in the typical coastal zone of Yangtze River
Delta in the past 20 years[J]. Geology in China, 49(4): 1114—1126
(in Chinese with English abstract).

Li

Xinpeng, Wang Chaoping, Zou Songbing, Yue Wei, Luo Shan,
Wang Wenshu, Qin Yihao, San Jun, Qian Jikun, Wang Chunmiao.
2022. Evaluation of ecosystem resilience in the upper Yellow River
water—holding area based on hierarchical analysis——A case study
of Gannan and Linxia Prefectures[J/OL]. Desert China, (6): 1-9 (in
Chinese with English abstract).

LiY, Xie Z, Qin Y, Zheng Z. 2019. Estimating relations of vegetation,
climate change, and human activity: A case study in the 400 mm
annual precipitation fluctuation zone, China[J]. Remote Sensing,
11(10): 1159.

Li Tuo, Jiang Weiguo, Wang Wenjie, Lii Jinxia, Chen Zheng. 2020.
Wetland degradation risk assessment method and its application: A
case study of Tianjin[J]. Journal of Environmental Engineering
Technology, 10(1): 17—24 (in Chinese with English abstract).

Li T, Zhang Q, Singh V P, Zhao J, Song J. 2022. Identification of
degradation areas of ecological environment and degradation
intensity assessment in the Yellow River Basin[J]. Frontiers in
Earth Science, 10: 922013.

Liu Yaling, Xin Zhongbao, Li Zongshan, KeymuBaildang. 2020.
Differences in radial growth response of poplar plantation forests to
climate change in the Bashang area of Hebei in the last 40 years[J].
Journal of Ecology, 40(24): 9108-9119 (in Chinese with English
abstract).

Liu Yanxu, Peng Jian, Wang An, Xie Pan, Han Yinan. 2015. Progress
in ecosystem health research[J]. Journal of Ecology, 35(18):
5920-5930 (in Chinese with English abstract).

Lopez D R, Brizuela M A, Willems P, Aguiar M R, Siffredi G, Bran D.
2013. Linking ecosystem resistance, resilience, and stability in
steppes of North Patagonia[J]. Ecological Indicators, 24: 1—11.

Mu Q, Zhao M, Running S W. 2011. Improvements to a MODIS global
terrestrial evapotranspiration algorithm[J]. Remote Sensing of
Environment, 115(8): 1781-1800.

Peng Y, Wang Q, Fan M. 2017. Identification of the key ecological
factors  influencing semi—arid

vegetation  degradation in

agro—pastoral ecotone scales[J]. Acta
Oecologica, 85: 62—68.

Pei Hongwei, Liu Mengzhu, Li Yali, Zhang Hongjuan, Xiao Yuxiao,

considering  spatial

Yang Guoli. 2022. Study on the impacts of ecological restoration

measures on ecosystem services in arid and semi-arid areas: A

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


https://doi.org/10.1016/j.geoderma.2020.114225
https://doi.org/10.1016/j.ecolind.2021.108005
https://doi.org/10.1016/j.envpol.2020.115771
https://doi.org/10.1016/j.ecolind.2017.06.059
https://doi.org/10.1016/j.scitotenv.2020.136967
https://doi.org/10.1016/j.scitotenv.2018.04.427
https://doi.org/10.1016/j.scitotenv.2018.04.427
https://doi.org/10.3390/rs11101159
https://doi.org/10.3389/feart.2022.922013
https://doi.org/10.3389/feart.2022.922013
https://doi.org/10.1016/j.ecolind.2012.05.014
https://doi.org/10.1016/j.rse.2011.02.019
https://doi.org/10.1016/j.rse.2011.02.019
https://doi.org/10.1016/j.actao.2017.09.011
https://doi.org/10.1016/j.actao.2017.09.011
http://geochina.cgs.gov.cn

1044 3l

Hb, Ji 2024 4F

case study of the Bashang area in Hebei[J]. Research on Soil and
Water Conservation, 29(2): 192—199, 205 (in Chinese with English
abstract).

Shang Boxuan, Xiao Chunlei, Zhao Dan, Zhu Zhenzhou, Zhang
Gagqiang. 2021. Distribution characteristics of lakes in China and
proposals for ecological protection and restoration of typical
watersheds[J]. China Geological Survey, 8(6): 114—125 (in Chinese
with English abstract).

Shen Haoyong, Li Jia, Wang Zhiheng, Xie Hao, Liang Yongping, Xu
Yongxin, Han Shuangbao, Ren lJianhui, Pan Yaoyun, Zhao
Chunhong, Zhao Yi. 2022. Current status of water resources
development and utilisation and ecological and environmental
problems in the Fen River Basin, a tributary of the Yellow River[J].
Geology in China, 49(4): 1127-1138 (in Chinese with English
abstract).

Song Bo, Zhang Fawang, Yang Huifeng, Liu Chunlei, Meng Ruifang,
Nan Tian. 2021. Evaluation of water resources carrying capacity by
source based on ecological priority and its application: A case study
of Baoding Plain, Hebei[J]. Geology in China, 48(4): 1156—1165
(in Chinese with English abstract).

Sterk M, Gort G, Klimkowska A, Ruijven J, Teeffelen A J A,
Wamelink G W W. 2013. Assess ecosystem resilience: Linking
response and effect traits to environmental variability[J]. Ecological
Indicators, 30: 21-27.

Tang D, Liu X, Zou X. 2018. An improved method for integrated
ecosystem health assessments based on the structure and function of
coastal ecosystems: A case study of the Jiangsu coastal area,
China[J]. Ecological Indicators, 84: 82—95.

Wang Y, Shen Y, Guo Y, Li B, Chen X, Guo X, Yan H. 2022.
Increasing shrinkage risk of endorheic lakes in the middle of
farming—pastoral ecotone of Northern China[J]. Ecological
Indicators, 135: 108523.

Wang Y, Zhang Z, Chen X. 2021. Quantifying influences of natural and
anthropogenic factors on vegetation changes based on geodetector:
A case study in the Poyang Lake Basin, China[J]. Remote Sensing,
13(24): 5081.

Wang Yanfang, Pei Hongwei. 2018. Evaluation of ecological
environment status and countermeasures in the dam area of Hebei
from 1980 to 2015[J]. Ecological Economy, 34(1): 186—190, 236
(in Chinese with English abstract).

Wang Cuicui. 2015. Risk Assessment of Degradation of Marshy
Wetlands in Ruoergai Plateau and its Evolution Analysis[D].
Beijing: China University of Geosciences (Beijing), 1-85 (in
Chinese with English abstract).

Wang Jingbin, Wei Xiaofeng, Zhang Huijiong, Gan Fengwei. 2020.
Ecological geological survey method based on geoconstruction:
A case study of comprehensive geological survey in national
ecological civilisation demonstration area of Chengde City, Hebei
Province[J]. Geology in China, 47(6): 1611-1624 (in Chinese with
English abstract).

Wu Nan, Chen Hongfeng, Kuang Pidong, Feng Chaoyang, Jiang
Honggiang, Wu Wenjun, Li Daiqing, Zhao Yangduan. 2020. Risk
assessment of disturbance and degradation in ecological protection
red line areas: A case study in Anhui Province[J]. Journal of

Ecology, 40(16): 5571-5578 (in Chinese with English abstract).

Wu Qinyu, Zhang Shaoliang, Yang Yongjun, Hou Huping, Chen
Dongxing. 2021. Spatial assessment of ecosystem degradation risk
in semi—arid mining areas based on resilience[J]. Journal of Coal,
46(5): 1587—-1598 (in Chinese with English abstract).

Wu Aibin, Zhao Yanxia. 2017. Evolution of spatial and temporal
pattern of ecological land use and analysis of ecosystem service
value in the Bashang plateau[J]. Journal of Agricultural
Engineering, 33(2): 283—290 (in Chinese with English abstract).

Xiong Fangyuan, Lu Ying, Liu Han, Cheng Lin, Wu Xinghua, Chen
Yushun, Wang Dianchang. 2022. Progress of water ecosystem
health research in the source area of the Yangtze River[J]. China
Environmental Monitoring, 38(1): 14-26 (in Chinese with English
abstract).

Yang Dan, Wang Wenjie, Wu Xiqin, Jiang Weiguo, Zhang Huan. 2021.
Steady state transition of the wetland ecosystem and response to
climate change in the lakes and wetlands of Angulinao,
1985-2016[J].  Environmental  Science 34(12):
2954-2961 (in Chinese with English abstract).

Yang Geng, Cao Yingui, Luo Gubai, Kuang Xinyu, Huang Yuhan,

Research,

Wang Shufei. 2019. Progress in ecosystem resilience assessment[J].
Zhejiang Agricultural Science, 60(3): 508—513 (in Chinese with
English abstract).

Yang Tao, Yan Xiaojuan, Zhao Hansen, Wang Peng, Zhu Tao, Cai
Haojie, Zuo Xugang, Xi Rengang, Zhang Yulian, Wang Lishe, Wu
Shuo. 2023. Conversion of land use types in the Weihe River Basin
and its impact on ecological spatial pattern[J]. Geology in China,
50(5): 1460-1470 (in Chinese with English abstract).

Yu Haochen, Bian Zhengfu, Chen Fu, Mou Shouguo. 2020. Diagnosis
of mine land ecosystem degradation and its regulation[J]. Coal
Science and Technology, 48(12): 214—223 (in Chinese with English
abstract).

Yu L, Wu Z, Du Z, Zhang H, Liu Y. 2021. Insights on the roles of
climate and human activities to vegetation degradation and
restoration in Beijing-Tianjin sandstorm source region[J].
Ecological Engineering, 159: 106105.

Zhan Jinyan, Yan Haiming, Deng Xiangzheng, Zhang Tao. 2012.
Evaluation of forest ecosystem resilience: A case study of Lianhua
County, Jiangxi Province[J]. Journal of Natural Resources, 27(8):
1304—1315 (in Chinese with English abstract).

Zhang Wenfa, Su Tao, Lei Bo, Wang Lei, Sun Haoran, Xu Yueyue.
2021. Analysis of actual evapotranspiration during crop fertility in
Chahannur Basin, Inner Mongolia based on multi—source data[J].
Water Saving Irrigation, (10): 1-6 (in Chinese with English
abstract).

Zhang Yingrui. 2017. Ecological Health Assessment of Xiaoqing River
Basin[D]. Jinan: Shandong University, 1-78 (in Chinese with
English abstract).

Zhang Q, Wang G, Yuan R, Singh V P, Wu W, Wang D. 2022.
Dynamic responses of ecological vulnerability to land cover shifts
over the Yellow river Basin, China[J]. Ecological Indicators, 144:
109554.

Zheng Yiwen, Li Fojie, Liu Xiaohuang, Chang Ming, Zhao Honghui,
Lai Ming, Zhang Zifan. 2022. Spatial and temporal changes of

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


https://doi.org/10.1016/j.ecolind.2013.02.001
https://doi.org/10.1016/j.ecolind.2013.02.001
https://doi.org/10.1016/j.ecolind.2017.08.031
https://doi.org/10.1016/j.ecolind.2021.108523
https://doi.org/10.1016/j.ecolind.2021.108523
https://doi.org/10.3390/rs13245081
https://doi.org/10.1016/j.ecoleng.2020.106105
https://doi.org/10.1016/j.ecolind.2022.109554
http://geochina.cgs.gov.cn

SIS I BRISAR: JE TR 5K T i 25 R GTIB A T —— LA b o S R i R i A 191 1045

natural resources and their ecological and environmental effects in
Northeast China over the past 30 years under the background of
industrialisation[J]. Geology in China, 49(5): 1361-1373 (in
Chinese with English abstract).

Zhu L, Ke Y, Hong J, Zhang Y, Pan Y. 2022. Assessing degradation of
lake wetlands in Bashang Plateau, China based on long—term time
series Landsat images using wetland degradation index[J].
Ecological Indicators, 139: 108903.

Zhu L J, Meng J, Zhu L K. 2020. Applying Geodetector to disentangle
the contributions of natural and anthropogenic factors to NDVI
variations in the middle reaches of the Heihe River Basin[J].
Ecological Indicators, 117: 106545.

Zhuo Zhaojun, Ke Yinghai, Hong Jianming, Zhu Lijuan, Zhang Yuhu.
2022. The value of ecosystem services and its changes in the
Zhangjiakou Bashang Plateau since 2000[J]. Wetland Science,
20(2): 162—175 (in Chinese with English abstract).

Bt 32 228 STk

MRS, T 27, k20 Mg, XI5t SR 2. 2021. 3£ T ESTARFM
NDVI BT IR i R b O A 22 (3], A SRl
224 (PIEI0), 29(6): 1105—-1116.

HAERK, SM2, UL, MBI, A0k, BIRAR, BB, TREUN, FHar
], THE. 2023, 25 R AR A KRR PR
LB /R 22 30 1o JEUUEE 3L SR YT 37 38k o0 31 [J/OL). A [ b 5 : 1-19.
http://kns.cnki.net/kems/detail/11.1167.P.20220822.1556.026.html.

P8I, RSO, XVAES, (TR, REMS. 2021, BT AR RGNS
LA I A 28 RS DAV B A 2B A 2 TR R —— AR VLR XAy 481
[7]. 4252741, 41(10): 3846—3855.

TIEME, 5k, 2, IH, T AL 2021, AN S0 it A A 4a

SR AR AL 7 5 DADTAS WA TR R B [0]. FRSERL 210 5%,
34(4): 785-791.

SR, 2022, AT AR A A 2R SR AR S SRR G DR B 5T [D].
demt: E R 1-227.

FRRIR, TR, Xsk, TRIL, 5Kk, B0, 2021, FAFEIT—ILi
LB MR K B VR S AR AR B BE () B [I]. b [ b BT, 48(4):
1062-1074.

LR, 2R, 28, 2RI, 240, X5, MRl kR, 22K
T, R, vk, BN, B 2021, BRI T K FEIEUIR
KHAZS IR R[], P 5T, 48(4): 1001-1019.

#AF. 2017, 2 F GIS 5 RS (WIRIE VLB A PPl [D]. BT
WK 1-84.

ZEMGIE, ENTF, BEWRTE, HOH, W, pdn, MRk 2022, 35 20 kK
VL= A YN Y S X b ) A8 T 5 A 28 IS AN 0 5[]
rF ML, 49(4): 1114-1126.

2R, THI, Abhate, ER, B, TO0H, 25 R, Rk,
TH. 2022, BT RSB _LIEKIRRTE X AE S R G
B ——LAH RN | I S A I[I/OL]. VN, (6): 1-9.

WK, D, FOA, B4, BRIE. 2020. 9B 10 XU PEAG ik
B B —— DA R e Ry 490 (3] BB TREHOR 240, 10(1):
17-24.

XY, {5 B8, 22553, SURORIEIR 2. 2020, 3 40 AFE[d6 30 1 Hh
XA N TARAR ] A AR XA A8 AR I i 7 25 572 [0, AR S 25 4,
40(24): 9108-9119.

XIZRRF, 22 ad, 722, Wi, §hIZH. 2015. RS R Gt HEmFoT kR[],
AEZS2ER, 35(18): 5920-5930.

FETAR, XNFHEAT, ZHE, RELIE, MW, B E. 2022. ASBER
BT 5 T R X A S R G55 s a5t —— AT A6 300 1
X AT, K ARRIFSE, 29(2): 192-199, 205.

MR, M A, RPE, ARIRIN, SRR, 2021, T RSO A A0 REIE K
BRI 2P I A D). P E R A, 8(6): 114-125.
2, 224, F AR, s, 22K, Xu Yongxin, # X5, L4,
SR, ABLL, B —. 2022 A SR i T K e I & R

PR B A S A RS, v E LT, 49(4): 1127-1138.

KRI, SRERE, i, XA, BADT, BR. 2021 FFASMEMN
ARG WE AR IR ST IR PN B —— LA b 2 S B 0]
[E L, 48(4): 1156—1165.

FEEF7, T2 M. 2018, 1980—2015 AT JL 30 F 1 [X Af: ZSIRBRIR I E
M SXEHAIT[I]. A ASLTE, 34(1): 186-190, 236.

TR 2015, K 56 e AR B T AR Ak XU DA S HAE 28 43 0T [D].
des: E R b)), 1-85.

Faitl, TReE, TS, HRUE. 2020. J5 T 158 1 10 Ak 25 1 5 R
B i —— LA b4 AR A T SR A 2 SO /R Y X 2 1l T
S, R E LR, 47(6): 1611-1624.

Slm, MRLCIR, EAR AR, W BH, $E ko, RO0®, W, BiEd.
2020. BB L X TR RS A —— LA B il [0].
MR, 40(16): 5571-5578.

RBWR, AR, A, BT, BRAR2S. 2021, FeFIKE 10021
B XA R G AR AR KU a3 R DAL [J]. B B 2= i, 46(5):
1587-1598.

BB, SR, 2017, I = A S A 2 A% R s A 5 A B R S5
MR B AHTT]. 4l TR, 33(2): 283-290.

RETSPE, Bhs, XIS, Bk, 2408, BRFE, M. 2022, KITHX
KA R GRS U e (0], P EIFRBE I, 38(1): 14-26.

Y, B3R, 75, HILE, kK. 2021, 1985—2016 4F-22 & HL i
WAV M A 25 R GEAR AL AR K S A S A i L [7]. RS
T, 34(12): 2954-2961.

Mg, WS, B, DUKTE, B, EATIE 2019 E S RFIRE
TIPSR SR [J]. Wil B2, 60(3): 508-513.

Y, TElIRE0R, IFERR, TS, AW, £5T528, Z2 0N, Z R, sk,
FsrAk, SRR, 2023, 35 I - R PSR L e K HE X A A s
(1A% SR ROSE IR [J]. P 3B, 50(5): 1460-1470.

TRIE, TR, BRIF, 257 E. 2020, 10 -2k 25 R 40RAkIS W K
HPFEITET]. MR BR2EEOR, 48(12): 214-223.

WA, EIMEW], REREAE, 3RS, 2012, BiAKAE S RGWRE T Hh——
DIVEPE A SEAEEL A B[], FAR BT, 27(8): 1304-1315.

KKk, TV, B, TR, INEER, VR, 2021, FEF 2 IREEE
ST SR T LR TSR AE W AR B W S PRI EOCR T [0, 1 K HE
(10): 1-6.

TRFEE. 2017, /NG I AR AR DA ST (D). B I AR K
1-78.

HLC, ZRARAS, XA, H 8%, W% 2, i, sk L. 2022, Tlkfk
BHECT 30 4Rk AR AL Hh X AR B IR A A AR Ak S H A S IR
REISE[I]. HE MR, 49(5): 1361-1373.

LI, AP, LSRN, ACHN AR, 5K F R, 2022. 2000 4FLIEIK S
WL A S R GRS M B R AR (R [7]. WA 2, 20(2):
162-175.

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


https://doi.org/10.1016/j.ecolind.2022.108903
https://doi.org/10.1016/j.ecolind.2020.106545
https://doi.org/10.12029/gc20210402
https://doi.org/10.12029/gc20220406
https://doi.org/10.12153/j.issn.1674-991X.20190100
https://doi.org/10.3969/j.issn.1005-3409.2022.2.stbcyj202202029
https://doi.org/10.12029/gc20220407
https://doi.org/10.12029/gc20210412
https://doi.org/10.12029/gc20210412
https://doi.org/10.12029/gc20200601
https://doi.org/10.11975/j.issn.1002-6819.2017.02.039
https://doi.org/10.11849/zrzyxb.2012.08.005
https://doi.org/10.3969/j.issn.1007-4929.2021.10.001
https://doi.org/10.12029/gc20220501
http://geochina.cgs.gov.cn

	1 引　言
	2 材料与方法
	2.1 研究区概况
	2.2 评估方法
	2.2.1 生态健康评估方法
	2.2.2 生态恢复力评估方法
	2.2.3 生态退化风险评估方法

	2.3 数据获取

	3 结果与分析
	3.1 流域生态健康评估
	3.2 流域生态恢复力评估
	3.3 流域生态系统退化风险评估

	4 讨　论
	4.1 影响生态系统退化的因素
	4.2 生态退化风险评估的应用

	5 结　论
	参考文献

