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Runoff simulation integrating snowmelt, soil freeze-thaw, and machine learning with Xin’ anjiang model in high-
cold region//Liu Di">*** | Dong Zhaolong'>*** | Lyu Haishen'**>* | Zhang Zhan®, Zhu Yonghua"***  Ju Qin'***, Yu
Zhongbo'>*** (1. State Key Laboratory of Water Disaster Prevention, Hohai University; 2. College of Hydrology and Water
Resources, Hohat University; 3. Joint International Research Laboratory of Global Change and Water Cycle, HoHai
University ; 4. Yangtze Institute for Conservation and Development, Hohai University; 5. Hydrology and Water Resources
Research Institute of Yellow River)

Abstract: Taking the upstream basin of the Ruoergai Hydrological Station of the Heihe River in the source area of the
Yellow River as the study area, a smart Xin’ anjiang model coupling the snowmelt soil freeze-thaw module and random
forest algorithm was constructed. Runoff simulation was carried out using precipitation, evaporation and temperature data
from 2007 to 2019. And the simulation results were compared with the traditional Xin’ anjiang model, the Xin’ anjiang
model coupling snowmelt, soil freeze-thaw and the random forest model to evaluate the adaptability of the smart Xin’ anjiang
model in the hydrological process simulation in high-cold regions. The results show that the overall simulation ability of the
traditional Xin’ anjiang model during the verification period is acceptable, but its simulation ability during the melting
period is limited and cannot accurately depict the runoff process during the melting period. The simple random forest model
can capture the nonlinear characteristics of the hydrological process during the melting period, the overall simulation effect
during the verification period is not ideal. The coupling of the snowmelt soil freeze-thaw module increased the uncertainty of
the Xin ’ anjiang model by 35. 6%, but the model stability and simulation performance were good. During the ablation
period, the Nash efficiency coefficient (NSE) and Klin Gupta efficiency coefficient (KGE) indicators of the Smart Xin ’
anjiang model were both above 0. 70. During the validation period, the overall NSE, KGE and correlation coefficient all
exceeded 0. 90, and the Pbias index was within £10% , demonstrating higher simulation performance and stability.

Key words: snowmelt module; soil freeze-thaw module; random forest algorithm; smart Xin’ anjiang model; high-cold

region; source area of the Yellow River
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Fig.1 Overview of study area
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Fig. 5 Posterior distributions of sensitive parameters
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Table 2 Evaluation indicators for simulation results

of four models

el WY NSE KGE  r RMSE/(m’/s) Py/%
XAJ REW 0.67 0.77 0.83 17. 44 -11.1
XAJ WAEH 0.72 0.70 0.86 19.70 -13.3
T-XA]  ZHEWH 0.74 0.83 0.87 15.71 10.2
T-XAJ  3UFH 0.84 0.81 0.94 14.82 13.1
RF UE 0.57 0.45 0.84 24.70 -20.4
T-XAJ-RF 35iF#] 0.90 0.94 0.95 11.90 -0.4
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Fig. 8 Simulation results of runoff during ablation period of four models during validation period
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Table 3 Evaluation indicators for ablation period of 4

models during validation period

Ay iR NSE KGE r RMSE/(m’/s) P,/%
XA]  -1.95 0.04 0.74 14.33 -65.24

2016 T-XA]  0.60 0.79 0.83 5.27 -1.91
RF 0.16 0.57 0.86 7.65 -32.09
T-XAJ-RF  0.74 0.85 0.90 4.26 -8.88

XAl -0.27 0.42 0.64 18.78 -26.99

2017 T-XA]  0.44 0.45 0.94 12.47 27.40
RF 0.54 0.55 0.75 11.27 6.30
T-XAJ-RF  0.88 0.79 0.97 5.69 8.10

XAJ 0.43 0.60 0.84 23.09 -36.82

2018 T-XAJ  0.51 0.46 0.95 21.31 24.39
RF 0.68 0.56 0.92 17.26 -19.53
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XAJ 0.37 0.22 0.91 35.30 -51.33

2019 T-XAJ  0.83 0.72 0.94 18.52 -15.43
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T-XAJ-RF  0.93 0.77 0.99 11.69 -8.17
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