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Comparative analysis of evaporation and influencing factors between Three Gorges Reservoir and Taihu Lake
LIU Jiajia' WANG Baocheng” WANG Lei' HAN Songjun' ZHANG Baozhong'
( 1. State Key Laboratory of Water Cycle and Water Security in River Basin China Institute of Water Resources and Hydropower
Research Beijing 100038 China; 2. Three Gorges Bureau of Hydrological and Water Resources Survey
Hydrology Bureau of Changjiang Water Resources Commission Yichang 443000 Hubei China)

Abstract  Objective Canyon-shaped reservoirs exhibit significantly different morphological characteristics compared to lakes or
lake-type reservoirs. However in evaporation studies knowledge and estimation method derived from lake evaporation are often
directly applied which may lead to substantial biases. By comparing the evaporation characteristics and influencing factors
between a typical canyon-shaped reservoir ( Three Gorges Reservoir) and a lake ( Taihu Lake) the differences are revealed from
the perspectives of energy balance and water vapor transport providing support for improving the understanding and estimation
accuracy of evaporation in canyon-shaped reservoirs. Methods Based on long-term observational data from the floating
evaporation station at Badong in the Three Gorges Reservoir ( 2014—2021) and the Taihu Lake Platform Mountain station
(2014—2018) the energy balance equation was employed to analyze the heat storage changes and water vapor transport
characteristics of the two water bodies. The monthly evaporation heat storage variations and the relationships between the
evaporation diffusion coefficient horizontal wind speed and water-air temperature difference were compared to uncover the
driving mechanisms of evaporation in the two systems. Results The study revealed that: (1) The monthly evaporation of the
Three Gorges Reservoir exhibits a unique bimodal pattern with peaks in August and December with the December peak lagging
five months behind the net radiation peak while Taihu Lake shows a single peak in August with only a one-month lag. (2) The
heat storage variation in the Three Gorges Reservoir ( —12.1 to 14.4 mm/d) was significantly greater than that in Taihu Lake
(=0.97 10 0.97 mm/d) with deep-water heat storage effects leading to distinct seasonal variations in evaporation and water
temperature between the two. ( 3) The evaporation diffusion coefficient in the Three Gorges Reservoir shows weak correlation with
horizontal wind speed and no significant dependency remaining stable under positive water-air temperature differences but
increasing during inversion periods. In contrast Taihu Lake’ s vapor transfer coefficient was influenced by wind speed and
increased with the water-air temperature difference. ~Conclusion The evaporation characteristics of canyon-shaped reservoirs like
the Three Gorges Reservoir and their energy and dynamic drivers differ significantly from those of lakes (‘e. g. Taihu Lake) . The
impact of water heat transfer on energy balance and valley wind circulation induced by topographic effects are likely the primary
causes. Therefore lake-based evaporation method should not be directly applied to canyon-shaped reservoirs. Instead specialized
approaches tailored to canyon-shaped reservoirs must be developed for evaporation observation and estimation.

Keywords: Three Gorges Reservoir; canyon-shaped reservoir; lake; Taihu Lake; vapor transport; water heat storage;

influencing factors; evaporation characteristics
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Fig. 1  Topographic and Cross-Sectional Diagrams of the Three Gorges Reservoir and Taihu Lake
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Table 1 Comparison of daily and monthly mean values of evaporation and related meteorological factors under inversion and

non-inversion conditions in the Three Gorges Reservoir area

E r,-T, e,~e, u K,
/mm * d”! /C /hPa /mes”! /mm + d”" « hPa™!
| 1 246 2.44+1.17 -2.25+1.39 5.82+3.44 1.39+0. 62 0.47+0.29
JIf 1562 2.41+1. 14 3.63+2.49 8.21+3.04 1. 46+0. 67 0.30+0. 12
I 52 2.23+0.59 -1.55+0.75 5.50+2.77 1.38+0.22 0.52+0. 29
I 43 2. 60+0. 50 3.89+1.93 8.62+2.03 1. 47+0. 27 0.31+0. 04
I 1 T-T,<0 T.-T,=0
6 T,~-T,<0 T,-T,=0 K. T,-T,
Fig. 6 Scatter plots of vapor transfer coefficient ( K,) versus water-air temperature difference ( 7,~7,) under
T -T,<0 and T,—T,=0 conditions for the Three Gorges Reservoir and Lake Taihu
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