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Field site 



A challenging use of a classic 
experimental facility for measuring 
discharge 



Measured runoff discharges 

8/4/2015 
tB = 13 min 
AMCI 

8/9/2013 
tB = 18 min 
AMCII 
 

8/19/2013 
tB = 7 min 
AMCI 
 
 

8/24/2013 
tB = 35 min 
AMCI 
 

8/12/2014 
tB = 8 min 
AMCI 
 

8/31/2014 
tB = 5 min 
AMCI 

Blue: upstream rainfall; Red: downstream rainfall; tB = response basin time 

Times to peak between 20 and 70 
seconds. 



Hydrological modeling: rainfall excess 

• Combination of the SCS-CN method with an Horton law, CNH 
(approach analogous to that of Grimaldi et al., 2013) 
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P(t)     =  precipitation at time t; Pe(t)   =  excess precipitation at time t 
fC        = infiltration rate; I  = rainfall intensity; Ia  =  initial abstractions 
tIa      = ending time of initial abstractions  

Grimaldi S., A. Petroselli, and R. Romano (2013), Green-Ampt Curve-Number procedure as an empirical tool 
for rainfall-runoff modelling in small and ungauged basins, Hydrological Processes, 27, 1253-1264. 



Hydrological modeling: routing 

Slope paths: travel times 
computed as the ratio 
between flow path lengths and 
time invariant runoff velocities 
depending on land use  

 

Channel network: matched 
diffusivity kinematic-wave model 
(Orlandini and Rosso, 1996) based 
on the Muskingum-Cunge scheme 

Orlandini, S., & Rosso, R. (1996). Diffusion Wave Modeling of Distributed Catchment Dynamics. Journal of 
Hydrologic Engineering, 1(3), 103–113. doi:10.1061/(ASCE)1084-0699(1996)1:3(103) 

Ls1= path length along land use 1 
Ls2= path length along land use 2 
vs1= velocity along land use 1 
vs2= velocity along land use 2 

Qi+1
j+1 = 𝐶1Qi

j+1 + 𝐶2Qi
j + 

               +𝐶3Qi+1
j + 𝐶4qLi+1

j+1 

Ci = routing coefficients depending on kinematic flood 
wave celerity ck and hydraulic diffusivity Dh 

𝑸𝒊+𝟏
𝒋+𝟏= runoff at the cell (i+1)Δs and time (j+1)Δt 

𝒒𝑳𝒊+𝟏
𝒋+𝟏= lateral inflow at the cell (i+1)Δs and time (j+1)Δt 

Runoff routing along  the steepest direction 
 

Hillslope 𝑅𝑜𝑢𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 =
𝐿𝑠1

𝑣𝑠1
+

𝐿𝑠2

𝑣𝑠2
 



Usual methods for estimating excess rainfall as constant runoff coefficient and 
SCS-CN are not able to simulated the hydrological response of headwater rocky 
basins. In some cases, also the velocity constant approach, is not suitable for 
such simulations. 



VS (slope velocity)   = 0.7 m/s 
VC  (channel velocity) = 1 m/s  
KS    = 9 m1/3 s-1 

 

Modelled runoff discharges 



Ia = 0.1 S (estimated through  
rainfall events without runoff  

Event AMC Rainfall  
(mm) 

Ia (CN =  
90.4-83.3) 

7/17/2013 I 5 6.4-12.3 

7/29/2013 II 2.4 2.7-5.2 

8/5/2013 II 2.6 2.7-5.2 

8/23/2013 II 5.4 2.7-5.2 

9/16/2013 III 2.8 1.2-2.7 

7/14/2014 III 3 1.2-2.7 

8/2/2014 III 3 1.2-2.7 

8/5/2014 II 3 2.7-5.2 

8/20/2014 I 5.2 6.4-12.3 

8/30/2014 I 2.6 6.4-12.3 

9/12/2014 II 2.4 2.7-5.2 

9/9/2014 I 3.2 6.4-12.3 

Calibration of infiltration rate  fC  
Linear decreasing with the rainfall 
of the previous day 

Slope routing  U  = 0.7 m/s 
Channel routing  KS  = 9 m1/3/s   

   

Model parameters 



CONCLUSIONS 
1) Hydrological response of headwater rocky basins to convective rainfalls 

is impulsive with times to peaks in the range 20-60 seconds. 

2) Rainfall excess mechanism is dominated by an hortonian law. 

3) Runoff routing along slope can be simulated through the constant 
velocity approach. 

4) Runoff routing along channel cannot be simulated through the constant 
velocity approach but only by a matched diffusivity kinematic model or a 
more refined model. 

5) A reasonable predictability of the model is guaranteed by the use of  
values of parameters except for the infiltration rate varying with the 
antecedent rainfalls. 
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