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Abstract: The operation of cascade reservoirs significantly alters river thermal regimes. This study develops a
quantitative attribution framework integrating Maximal Overlap Discrete Wavelet Transform (MODWT),
multiresolution analysis (MRA), ERAS-Land reanalysis data, and a Bi-LSTM model to distinguish the effects of
climate change and reservoir operation on river water temperature. Using the Xiangjiaba Station on the lower Jinsha

River as a case study, the multi-scale impacts of cascade reservoir operation on water temperature were examined. The
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results show that: (1) Cascade reservoir joint operation substantially attenuates water temperature fluctuations at
medium-to-high frequency scales (daily, weekly, and monthly). (2) At low-frequency scales (seasonal and interannual),
reservoir operation leads to smoother water temperature variations with phase delays, an effect that intensifies as the
number of reservoirs increases. During the four-reservoir operation period, the water temperature phase lagged behind
the air temperature phase by 50 days. (3) Attribution analysis indicates that at the seasonal scale, reservoir operation
is the dominant driver of water temperature change, exhibiting a nonlinear increase in influence with the growing
number of reservoirs. At the annual scale, during the two-reservoir operation period, the annual mean water temperature
decreased by 0.22°C relative to the natural period, primarily due to reservoir operations, which contributed a decrease
0f0.33°C. In the four-reservoir operation period, water temperature increased by 0.41°C compared to the natural period,
a change entirely attributable to climate change. This study reveals the multi-temporal scale characteristics of cascade
reservoir impacts on water temperature, proposes a novel attribution methodology, and provides a scientific basis for
ecological reservoir operation and watershed thermal management.
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Fig.1 Schematic of the Reservoirs in the Lower Jinsha River
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Fig.2. Research Flowchart
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Tab.1 To quantify the impacts of reservoir operations and climate change on river water temperature

PiFEIE AT VU Sz AT B4
CI RI TI CI RI TI
HE 0.28 -3.38 -3.10 0.36 2.84 2.48
FES -0.07 -1.03 -1.10 0.49 2.38 -1.89
T -0.02 134 1.32 0.47 1.89 2.36
K2 0.17 1.88 2.05 0.34 3.40 3.74
AR 0.11 -0.33 -0.22 0.41 0.00 0.41
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9 A SR A K RIS AT X TE KR B BTk, SR T A IR0 Dr. Ds A As =ANMES4r &, AE N Bi-
LSTM RN S5t . B3 Dr-As REET LB @i B (Di-De RUEED [ F BAKIELE T
Di-Ds /& (2-128d) FEELH . A HSEENERE LEs); M Dr-As &2 A >1284) NI
FFTFEWAERR R LB, B BT AR AIK B IZ AT 0TI 3E KR B IR R A ) e AR 0,
IF) B 25 o v vy AR 7R R 0 B G (R R AR KR I M R G R . BT A4S R R W] (3R 2), Di-De 4 ETE
AR WG AR S8 K IR AR I R A 5, I RE B WA S BB ) ( KUY 0.07 °C);s ST T
ZET R B A R RO RK IR e, indF ZE BRI IE 2.84-3.38 °C, JL T 584 Dr-As r & E T

B2 NI RBUEE
Tab.2 Detail Component Variability Analysis

W I AT I A VY EEIEAT I 44
Dy-Dg It 8] JUBE D7-Ag It 8] RUE D;-De I TR BE D;-As I IA] U
B 0.01 3,10 -0.07 2.48
= -0.01 -1.10 -0.04 -1.89
77 -0.00 132 -0.02 2.36
Z3 0.01 2.05 -0.03 3.74
AL 0.00 0.22 0.00 0.41
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Fig.8 Comparison of Long-term Trends in Air and Water Temperatures Across Multiple Locations
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