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The evolution of surface water temperature in the Dongting Lake Basin over the
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Abstract; Lake water temperature is an important indicator to characterize the ecological environment of lakes, affecting the
physical, chemical, and biological processes occurring in lakes. Investigating the evolution of lake water temperature is of
great significance for the management and improvement of lake ecological environment. A Long Short-Term Memory ( LSTM)
neural network was used to construct a reconstruction model for the water temperature of Dongting Lake. The performance of
variables including air temperature (7T'), day of year (DOY ), and discharge () was evaluated in the reconstruction of
lake water temperature. Using the LSTM model, the long-term water temperature series of the Dongting Lake Basin was
reconstructed, and the characteristics of water temperature changes from 1960 to 2020 were analyzed. The study also
explored the impacts of different meteorological datasets as supplementary inputs on the model’s performance in simulating

water temperature. The results showed that; (1) The LSTM neural network-based water temperature reconstruction model
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demonstrated strong performance in simulating water temperature. Incorporating both DOY and @ as input variables
enhanced the model’s accuracy, with DOY contributing more significantly to the improvement than Q. (2) From 1960 to
2020, the annual average water temperature in the Dongting Lake Basin showed a warming trend, with an average warming
rate of 0.15°C /10a. However, there were spatial differences in the warming rates, with the lake area warming faster than the
main tributaries. On a seasonal scale, there were significant seasonal variations in the warming rates, with spring being the
season with the fastest warming, at an average rate of 0.29°C/10a, while summer had a more moderate warming rate of
0.04°C/10a. (3) The annual average water temperature and air temperature in the Dongting Lake Basin and its main
tributaries exhibited similar abrupt change characteristics, both undergoing abrupt changes around 1996. The abrupt change
in air temperature was a significant factor driving the abrupt change in water temperature. (4) Meteorological factors and
lagged information, as supplementary inputs to the water temperature reconstruction model, contributed to varying degrees of
improvement in model performance. However, the extent of performance enhancement showed regional differences, which
may have been due to variations in the driving mechanisms of water temperature changes and the relationship between water
and air temperature responses in different regions. The findings of this study are significant for protecting the water
environment of the Dongting Lake Basin and offer new insights into the study of water temperature evolution in lakes with

limited observational data.

Key Words: Water temperature; LSTM; reconstruction; climate change; Dongting Lake
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Table 1 The performance of different models in simulating water temperature during the training and testing phases

K OKAE) 3 B YIIZhsE 4

Hydrological (water ﬁifel Training phases Testing phases

level) station MAE RMSE NSE R? MAE RMSE NSE R?
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LSTM (1 pov, 0.859 1.138 0.972 0.986 1.110 1.297 0.967 0.992
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Fig.4 Annual changes in monthly average water temperature in the Dongting Lake Basin from 1960 to 2020
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Fig.5 Interannual variation of average water temperature in the Dongting Lake Basin from 1960 to 2020

http ; //www.ecologica.cn



8 xR 45 %

U5 AT TR 3L DL K e RE 7K A 3 1) 7K I 3 7 3 R 43031 54 0.16°C/10a,0.13%C /10a,0.11°C/10a L J% 0.18°C/
10a, WYL BEK DEVL V87K I 5% S0 A K IR AR B 3 32/ N TR 2 T X, Bl AR 2 , A3k R Z2808TH 1K
BEF SN T Yang NG T o= 50 im B 11 AN0A 2K IR 25 2840, & B0 11 AN 1 457
BIK IR S B INAES . Lieberherr 2 W52 T 26 A~ RH WA A 7K IR AS LR | & BRIBIIA K 16 X545 B &2 /Y
TS BRI R 0.17—0.76°C /10a , ELM I PG 5 30 21 Z5 AL 1 VR A Sam i 3o

AHIF5E I FH B - A A T I S e 1960—2020 45 Y /K R S8 AR R E 317 J82 137 30 7S A 7K ST (KA ) ol
AR KR BT IR LI 6, 7N AN K SC (KAL) 3 AR 38 KR BRI ih £k 38 S B0 TR JE BT
s A B AIL BRI BRIR AT K S LA K R RE KA 3 8 BRI T T ZR TR 1960—1996 4 8] &2 8L B
HOAE 1997—2020 4R[SR FFE . A BT EIKIR P 28R AE A 3420 1996 41 WRTEZK SC ok i) 23R i
ZRTE 1960—1997 4E[H] S BT R A3, 76 1998—2020 4[] 5 Bl L Fh kA #A | IR /K Sl 47 Y K 1R 58 AR 40
1997 4%, T BEI TS A 7K SC (KA ) 3l (AR K IR 34 7E 1996 AFTiT G & AR AR  HA IR 8 AR RF1E

~o— IEREHLYE
—=— R
- PRiT;
-v kI
- AT
-14 < FRH

7Kk B4 V- B
Cumulative anomaly of water temperature/°C

1960 1970 1980 1990 2000 2010 2020
SEA)y Year
6 REBEMAE 1960—2020 &£ £ FKIERITEEF Lk

Fig.6 The cumulative anomaly curve of annual average water temperature in Dongting Lake Basin from 1960 to 2020
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Fig.7 The cumulative anomaly curve of annual average air temperature and discharge in Dongting Lake Basin from 1960 to 2020
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Fig.8 Seasonal changes in water temperature in the Dongting Lake Basin from 1960 to 2020

I 1) LSTM BEALE I 3 A i A B AL KR PR BB A B2 T, LSTM (4 poy o s, B BSTE DN U [ 97 25 MAE Fi
RMSE B HSEERIRL IR T 6.77% 1 6.78% , TIHGINFE 7K | A FH 8 5 LA K AR X BEAE S A A A% AR
RURHUK AR REEETE AN 5 X4 1Tk Sty , 3800 K BH AR 565 by B 78 iy A A S ) T A 78 g 42 T4 ol 1
B AHELTREMERE AL LSTM (4 oy . ssn) P AR 15U 1)°F- 2 MAE F1 RMSE {E73 504K T 7.79%F1 5.93% , Tii 3
TR | B DL B R X T AR B K IR PR RE R T AN B R . R [RGB AR b e A AR P R 11 2l

http ; //www.ecologica.cn



15 1 FEZEIR 45 23 60 AF LA BE ) At dek T 15 S A 11

Fif ] )R Time scale/a

9 KBNERBILHEEEE

Fig.9 Contour map of the real part of the wavelet coefficient of water temperature
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Fig.10 Correlation analysis of water temperature with air temperature and discharge in the Dongting Lake Basin
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Table 2 The performance of LSTM model with different meteorological factors as supplementary input
K Fem YIZK4E Training phases UMIXZE Testing phases
Hydrological station  Model MAE RMSE NSE R? MAE RMSE NSE R
IRBE AL LSTM 1 pov, ) 0.607 0.844 0.988 0.994 0.650 0.811 0.990 0.995
LSTM (1 pov, g, ws) 0.597 0.801 0.989 0.995 0.606 0.756 0.991 0.996
LSTM 1 pov ., 1r) 0.620 0.843 0.988 0.994 0.665 0.837 0.989 0.995
LSTM 1 pov, g, ssr) 0.683 0.923 0.986 0.994 0.646 0.811 0.990 0.995
LSTM 1 pov, ¢,k 0.633 0.852 0.988 0.994 0.729 0.889 0.987 0.995
£ LSTM (1 pov, ) 0.667 0.850 0.976 0.989 0.770 0.944 0.969 0.985
LSTM 1 pov, . ws) 0.635 0.811 0.978 0.990 0.903 1.098 0.958 0.984
LSTM 1 pov, g, ) 0.693 0.888 0.974 0.988 0.778 0.949 0.969 0.985
LSTM 1 pov, q.ssr) 0.603 0.779 0.980 0.990 0.710 0.888 0.973 0.988
LSTM 1 pov, ¢, rm) 0.665 0.850 0.976 0.990 0.782 0.940 0.969 0.986

WS Xi# Wind speed; TP:F7K Total precipitation; SSR : KFHFE ST Surface solar radiation; RH : #HXH 1 Relative humidity
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