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Prediction for Ungauged Basins

Combining statistical and physical aspects 
of flood frequency estimation



Annual flood peaks exhibit scaling



Regional (USGS) flood frequency equations for Iowa: 
Do the parameters have any physical basis?

Q2      =3.083 A0.54

Q5      =8.242 A0.49

Q10    =13.24 A0.47

Q25    =20.84 A0.44

Q50    =27.16 A0.43

Q100  =34.34 A0.42

Q200  =42.45 A0.40

Q500  =54.56 A0.39



Flood events also exhibit scaling



Strong scaling in peak flows

A= 32,000 km2USGS stream gages



52 events (R2 ~0.74-0.97) exhibit scaling parameter variability



Rainfall-Runoff Model



The Hillslope Link Model

dS

dt
= f(S, I,P)

For Iowa the system of ~2,000,000 equations





Parameters describing soil 
conductivity, infiltration 

capacity, slope, and 
roughness are assigned to 

each terrain unit



River connectivity for the 
Turkey River Basin



Observed

Simulated

Simulation is essential to diagnose the role of rainfall intermittency



Rainfall intermittency affects peak-discharge scaling structure



Rainfall temporal intermittency significantly affects peak-discharge 
scaling structure



Rainfall temporal intermittency significantly affects peak-discharge 
scaling structure



Rainfall Runoff Coefficient Hillslope Velocity Roughness Combined



Towards flood frequency estimation
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Old Mans Creek

Salt Creek



Salt Creek

Old Mans Creek



The longer the storm the more similar the response



Same size, different shape, different the response

Salt Creek

Old Mans Creek



Summary:

• The scaling exponent increases with increasing rainfall duration

• The intercept increases with increasing excess rainfall

• Rainfall intermittency and antecedent moisture systematically 
affect the peak-discharge scaling structure

• Rainfall-runoff models are essential but only if they have skill 
without calibration



Thank you!
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