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Influence of rainfall spatial aggregation on extrem e flash 
flood response modelling

an evaluation based on the Sesia river basin, North Western Italy
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Needed rainfall resolution
for hydrological modeling

•Model
runoff generation method
time resolution

• Basin
Dimension

• Event
rainfall spatial variability
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Outline

• Analysis of 3 extreme flood and flash flood events occurred on the Sesia
river basin, north-western Italy.

• Analysis of sensitivity of RR model results to spatial aggregation of
rainfall at catchment scales ranging from 75 km2 to 983 km2.

• A dimensionless parameters is used to describe the similarity of 
the effect of rainfall data aggregation. The parameter describes the 
reduction of spatial variability with increasing the aggregation length
(‘storm smearing’) and the uncertainty in the location of precipitation over 
the catchment due to aggregation (‘watershed smearing’).
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The Sesia Basin

75 km2

2586 km2

983 km2

261 km2

146 km2

126 km2
60km

120km
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Description of the 3 study events
Rainfall radar reflectivity was processed to rainfall intensity and 
corrected for:
•Ground clutter
•Partial beam occlusion
•Path attenuation

Parameters required were fitted to provide minimal bias as 
measured by raingauges



��������	��

� ������
�������� ��������������������	������ �

������ �����

!

���������	
���
�� �����	���	����������	������������� 	���������

Description of the 3 study events

4-5 June 2002 2-3 August 2005 14-15 September 2006
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2005

2002 2006

Spatial
distance

Time
series

Elevation 

Cumulated raifall
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Hydrological modelling

Simple hydrological model 
• Distributed radar rainfall
• CN-SCS runoff generation method 
• Surface routing time based on hillslope and channel velocity
• Subsurface reservoir with linear emptying law

75km2

2586km2

261km2

983km2
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Rainfall aggregation

Each radar rainfall field (time step: 30 minute)

1 km 4 km 8 km 16 km
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Effects on mean areal rainfall

•Four different nested catchments selected:
area of 75 km2, 249 km2 , 501 km2, 983 km2.

•Four different rainfall resolutions are considered:
Lr = 1, 4, 8 and 16 km

•Errors are computed with reference to Lr = 1 km:

•Errors plotted over the dimensionless parameter Lr/LW

1

1Lr
r P

PP -
=e

BASW SL =
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Effects on mean areal rainfall

4-5 June 2002

2-3 August 2005 14-15 September 2006

Error increases with 
Lr/LW>0.8
and for convective events
WATERSHED SMEARINGEffects up to Lr/Lw<0.8 are negligible
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Effects on simulated peak discharge

1

1Lr
q Qp

QpQp -
=e

•Peak discharge based on hydrological simulation

•Calibration is performed for 1 km resolution data

•The same calibration parameters has been used in simulations 
with  4, 8 and 16 km resolutions to calculate normalized errors 
on peak discharge
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4-5 June 2002

2-3 August 2005 14-15 September 2006

Greater errors where watershed 
smearing is experienced

Effects on simulated peak discharge

Storm smearing effect for
Lr/Lw > 0.2 ÷ 0.3
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Watershed and Storm smearing
(Ogden and Julien, 1994)Additional simulations:

• 16 km rainfall resolution
• Normalization at each time step
• Match the volume from original data (1 km) at the basin scale
• Simulation carried at Passobreve 75km 2

Quinto 983km 2

• Watershed smearing is important at small basin scale
• Spatial resolution needed to calculate the correct rainfall volume

16 km normalized 16 km
2002 0.50 � 0.06

• eq 2005 0.72 � 0.09
2006 0.31 � 0.08

• Storm smearing is important at large basin scale
• Rainfall variability is important for runoff generation

16 km normalized 16 km
2002 0.12 � 0.12

• eq 2005 0.36 � 0.33
2006 0.09 � 0.08
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Conclusions

• Use of the dimensionless parameter allows to analyse effects of rainfall
spatial aggregation over different catchment scales.

• At relatively small catchment scales (75 km2), ‘watershed smearing’ is the  
dominant effect and influences both error on rainfall volumes and on peak
discharge modelling. At larger catchment scales (983 km2) the effect of  
watershed smearing  is negligible, and the combined influence of storm
smearing and of other error  sources dominates.

• Overall, these results show that these extreme flood and flash flood events
can be successfully simulated by using 10 to 25 rainfall grids

(Lr/Lw = 0.2 ÷ 0.3)
(at all catchment scales explored: 75 to 1000 km2)  
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