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Estimation of watershed time-varying feature parameter in Budyko Framework based on machine learning//XUE
Lianging'?, CHEN Yuxin', LIU Yuanhong’, YANG Mingjie' (1. College of Hydrology and Water Resources, Hohai
University, Nanjing 210098, China; 2. School of Hydraulic Engineering, Wanjiang University of Technology, Maanshan
243031, China; 3. College of Agricultural Science and Engineering, Hohai University, Nanjing 211100, China)
Abstract: To analyze the spatiotemporal changes of watershed characteristic parameter in the Budyko Framework in the
middle reaches of the Yellow River and capture the impact of different factors on the watershed characteristic parameter,
multiple linear regression (MLR) , gradient boosting ( GB) , and random forest ( RF) models were constructed based on
runoff, meteorological, and human activity data from eight sub-basins in the middle reaches of the Yellow River. The
watershed characteristic parameter @ in the Fu Baopu equation was simulated. By cross validation, select the model with
the best performance, identify the main control factors that significantly affect @, and further incorporate the optimal model
into the water heat coupling equilibrium equation to construct a time-varying Budyko framework, quantifying the contribution
of climate change and underlying surface changes to runoff. The results showed that among the three models, the RF model
outperformed the MLR and GB models in simulating @. From 1980 to 2019, the w values of each sub-basin showed an
increasing trend, mainly controlled by human activities such as impermeable area, population, and regional GDP. Potential
evapotranspiration is an important controlling factor in climate factors. The change of underlying surface is the main driving
factor for runoff changes in most sub-basins of the middle reaches of the Yellow River, but the impact of climate change on
the Qinhe River sub-basin is slightly stronger than the change of underlying surface.

Key words: Budyko Framework; watershed characteristic parameter; multiple linear regression model; gradient boosting
model; random forest model; middle reaches of the Yellow River
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Fig.1 Overview of middle reaches of the Yellow River
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Fig.2 Change characteristics of hydrological and meteorological elements in middle reaches of the Yellow River
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Fig. 5 Comparison of evaporation based on w simulation and evaporation based on water balance in each sub-basin
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Table 2 Top four control factors for importance ranking of each sub-basin
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Table 3 Sensitivity coefficients of runoff during baseline
and variation periods of each sub-basin to different

influencing factors

Find sf 48 AR/ P AR/ E, AR/ dw
T LI 0.47 -0.16 -131.22
AL 0.35 -0.12 -84. 64
Tk FEAE 0.21 -0.08 -30. 83
AL 0.17 -0.06 -22.42
T LI 0.36 -0.13 -62.79
Rty 0.22 -0.09 -29.94
TR FEIED 0.59 -0.15 -238. 14
AL 0.45 -0.13 -142. 14
T K ] FEIE 0.19 -0.05 -34.39
AL 0.12 -0.04 -18.35
- FEED) 0.12 -0.05 -15.93
gixta ] 0.09 -0.03 ~11.60
- FEIE 0.21 -0.08 -33.59
Ak 1) 0.18 -0.07 -27.30
o FEUED) 0.24 -0.08 -39.01
AL 0.17 -0.06 -24.92
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Fig.7 Changes in runoff caused by different influencing

factors and their contribution rates
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