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 Mean annual runoff significantly changed in 

some regions 

 Concurrently, the inter-annual variability was 

also altered by climate change 

(Mohamed & Elfatih, 2017, NCC) 

Background 
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 Stationarity, used for hydrologic designs, would 

be not held under the changing conditions 

Background 
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Background 

 Questions: 

 why do the mean and inter-annual variability of 

annual runoff change? 

 how does the future annual runoff frequency 

change, and how can we quantify this? 
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Mean annual runoff 
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 Budyko framework 

(Budyko, 1974; Yang, 2008, WRR) 

(Yang, 2011, WRR) 
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Inter-annual variability 
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291 basins across China 

 size: 372~142,963km2 

 runoff data length: 1961-

2000 

 Meteorology data: ~1000 

national stations 

Inter-annual variability 
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 Estimation of inter-annual variability 

 simplified equation is comparable to complete equation 

 estimated variability can match observations well, but 

show a systematical underestimation 

Inter-annual variability 
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 The underestimation is stable in space and time 

space time 

Inter-annual variability 

(Liu et al., 2021, JoH) 

obs estλσ σ

1 2 / 



9 

Inter-annual variability 

 Effects of snowfall changes 

Less snowfall, lower runoff variability 

(Liu et al., 2022, GRL) 
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• less snowfall: 

less runoff in the 

wet year, but more 

in the dry year 

• asymmetric effects 

of snowfall 

Inter-annual variability 

 Effects of snowfall changes 

less snowfall, less 

reflected radiation, 

more evaporation, 

thus less runoff 

less snowfall, lower 

soil moisture, less 

evaporation, thus 

more runoff (Liu et al., 2022, GRL) 
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Frequency of annual runoff 

• Pearson-Ⅲ curve 

inputs: mean annual runoff and its variability 
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estimate these parameters in different periods 
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Applications 

 Mean annual runoff predictions 

 Increase in northern China, but decrease in south 

 little change in total amount under three RCPs 

historical 2.6 4.5 8.5 
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 Inter-annual variability predictions 

 more than 70% basins show increased variability, in 

which more than 90% dryland basins show increased 

trend 

Applications 

(Liu et al., 2021, JoH) 
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Applications 

 Runoff changes in typical year 

 decrease in southern China, largest in pearl river basin 

 increase in dry regions, and decrease in wet regions 

wet year dry year 

RCP8.5 RCP8.5 
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Beiluo river 

4 years 

5.5 years 

2.8 years 

Applications 

 Return period change in specific basin 

 longer return period of wet year 

 shorter return period of dry year 

More challenges 

for water resources 

management ! 
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Applications 

 The framework for ungauged basins 

wet year dry year 

(Liu et al., 2022, ISWCR) 
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Take home message 

An explicit framework was proposed to estimate the mean 

and variability of annual runoff, allowing us to estimate 

frequency of annual runoff that considers non-stationarity 

Theory 

• Increasing inter-annual variability of runoff in China 

• Shorter dry year return period, longer wet year return 

period  

• More challenges in future water management 

Application 
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