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Fig. 1 Co-occurrence networks of keywords and burst term spectrum analysis:

(a) co-occurrence networks of keywords based on WOS; (b) co-occurrence networks of keywords based on CNKI;

(¢) burst term spectrum analysis based on WOS; (d) burst term spectrum analysis based on CNKI
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Fig.2 Ecologically vulnerable areas and hydropower
station distribution in the upper Yangtze River, China
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Tab.1 Investment and benefits of typical ecological restoration projects of the upper Yangtze River, China (2000 —2024)
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Tab.2 Hydropower station development of the upper Yangtze River, China

AWK SRR BELER/MW

KA >250 MW) B 3 4%

a1 e )

4326. 68

11 B X
W TR AT X 207 58 706.55
TR 4 X 56 63 449.50

SIPH K HL 0 (760 MW) ORSESE /K HLIE (260 MW) 8 F K L3 (300 MW) | SEER S5 7K
L5 (300 MW)

BRELK R (600 MW ) ARFCHOK HL LG (360 MW) | YLK L (1250 MW) ULHEFL 2
LI L (260 MW) il 18 7K HL 3 (600 MW) (2 RUE 7K HL 3t (600 MW ) | JELMOK H 3
(1050 MW) | =ik 7K Hg 3l (22 500 MW) | I ¥ 94 7K H 3l (660 MW) | 0385 7K v, ol
(480 MW) | v 3 /K B3 ol (1120 MW ) | 8 A£ii 3 K H 2 (4260 MW) | &2 /K /K R 3
(1750 MW) 7 K HL ¥k (920 MW) sk A1 /K B3 (700 MW) YT FKHLE (300 MW) |
YLK HL 3 (330 MW) AR HLPES R K L i (452 MW) (HESEJE K HL ik (600 MW) \H4) B¢
ek FL 3 (3000 MW) ZRIEK HLGG (770 MW) (B I HL 3 (3190 MW) A XK HE i
(695MW) i LK HL 3 (2600 MW) | FEET /K LB (500 MW) (2245 /KL (772 MW) 6

BT ¥A3 7K H, 3t (4750 MW) | P30 /K B3 (13 050 MW) 37K L 37k (3300 MW) i 45 301
KL (360 MW) (B Hi /K 36 (2400 MW) (27 245 7K HL 3 (3000 MW) | 4 %2 5 K L3
(2800 MW) 5 5% — /K HL 3 (3600 MW) 41 5% — 2% 7K L 3 (4400 MW) i FF 11 7K HaL i
(1900 MW) | £ #th Hi 7K HL 2 (2160 MW ) | B /R 35 7K HL i (420 MW) | il 5 AR 7K Ha, ik
(600 MW) ] 37K Hi s (6448 MW) E & K FL (12 600 MW)

PR R 224 % — RS AES R (E 3) o HAR
FIBLA AT MERARIB AL K it 2% TS B =4~ J7 i

PEATAEAT o

(1) BB ™, K IR0 FR D RE VR
AMAE SRS KL LW o Y A4 25 e e, A
A BEEIKEMRTE 5K LRI . AR, K



Vol. 44, No. 1 VT 726 B 25 M I 5 7K P e o 2R [ A A A o A 2 5 5
| KR TF % 2 25 R B W BB 0 B 5B |
|
v v v
B IR KRG MR 25 B G
TS RGRILERE
| BBUKERBR . . . . : WM RS
Bl =Wk TRy Bl HIBRAUK M s R o R Rl > b P A MRS 7R
PERES B “ I IE-7K e i { = { H i T RETE M1
PR RS R > AR KR IR e
K 38 2 5 R SR
6 T 483 , o , , SRR |
ER IS FERHER) ’ LRERED > MR K/ AR ’ TEARRR D L3R
R LR B A Y, : ' P ' Kk WK G
LIRS I R WX R B /e Pk
RS e 557K AL
o3 LI ; . ™ . KIRS 544
ﬁgiéégﬁggé\ L THPKREGR > EHRPUER X m%@@%ﬁ%ﬁ?%
SO B R R : : L P : VB
e E DOKPEWIFEL P OERE P B T e

DEAFMAOLIER P R P ok |

B3 KEFERMNESRGEZMEIERVE

Fig.3  Core mechanisms of impact of hydropower development on ecosystem
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Fig.4 Ecological restoration technologies and models
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Tab.3 Disturbance types and ecological vegetation restoration for hydropower project construction
in different ecologically vulnerable regions of the upper Yangtze River, China
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Tab.4 Engineering practices of soil erosion prevention for hydropower project construction area
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Review of Progress in Climate-Adaptive Ecological Restoration
in Key Ecologically Fragile and Hydropower Concentrated
Development Area of the Upper Yangtze River, China

ZHENG Jing' LI Siliang® ,ZHOU Shuangfei’ , YUE Fujun®, TANG Jialiang' ,
CUI Junfang' ,ZHOU Minghua'

(1. Key Laboratory of Mountain Surface Process and Ecological Regulation, Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences & Ministry of Water Resources, Chengdu 610213, China;
2. School of Earth System Science, Tianjin University, Tianjin 300072, China;
3. PetroChina Southwest Oil & Gasfield Company, Chengdu 610051, China)

Abstract; The upper Yangtze River serves as both a nationally strategic hydropower energy base and a key
ecological security barrier. Characterized by the dual pressures of intensive development and climate vulnerability,
this region urgently requires systematic ecological restoration.

This review provides a comprehensive assessment of the ecological and environmental baseline characteristics of
the upper Yangize River. It summarizes the cumulative effects of nearly half a century of hydropower development
on the riverine ecosystem and delves into the pattern of ecosystem risks (including vegetation destruction, soil
erosion, water resource pollution, etc. ) under the combined impacts of climate change and extensive engineering
projects.

(1) Our findings indicate that watershed ecological restoration in the upper Yangtze River faces structural
contradictions; constrained by the fragmentation of source-sink patterns and insufficient interception efficiency of
non-point source pollution, there is an urgent need to establish a restoration paradigm based on integrated source-
process-sink regulation.

(2) From three dimensions—innovation in system cognition, breakthroughs in core technologies, and
optimization of management safeguards—this paper constructs a theoretical framework for adaptive ecological

restoration that couples the climate change-hydropower development-ecological vulnerability triad, proposing
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synergistic pathways for sustainable watershed governance under compound pressure scenarios.

(3) Restoration technology efficacy assessments reveal deficiencies in existing restoration measures’
responsiveness to extreme climate events, suggesting the establishment of a dynamic evaluation index system
incorporating climate adaptability to transition restoration strategies toward a closed-loop “monitoring-assessment-
adjustment” model.

(4) Future efforts should focus on expanding the scope of ecological regulation in the mainstem and key
tributaries of the upper Yanglze River, strengthening applied basic research, technology development, and
demonstration and promotion, and establishing a sound, long-term, and stable comprehensive ecological and
environmental monitoring and evaluation mechanism. These actions will provide scientific and technological support

for national and regional ecological macro-regulation.

Key words: the upper reaches of the Yangtze River; ecological fragile areas; hydropower development; climate

change; adaptive ecological restoration
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