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1) Artificial depressions and flat areas are removed from DEMs resumed in Table 1 using PEM4PIT model with automatic parameter estimation (Grimaldi et al., 2007; Nardi et al., 2008; Santini et al., in press); flow directions and
contributing areas are characterized using the D8-LTD method (Orlandini et al., 2003) with dampening factor = 1; stream network is extracted using the automated drop analysis combined with the curvature based method (Tarboton et al., 1991;
Tarboton and Ames, 2001). Slope is extracted according to maximum downhill criterion.

Width Function (WF) is defined as the distance-area function or the probability measure obtained by dividing the number of cells at given hydrologic distance from the outlet by the total 2) Determination of the Width Function is based on the estimation of hydrologic distances measured along the D8-LTD based steepest slope path for the river network and using the D-co method (Tarboton, 1997; Bogaart & Troch, 2006) for
number of basin cells (the distance is measured along the flow path and normalized by the maximum distance from the divide to the outlet). WF is easily obtained using common flow direction the hillslopes.
3) In order to estimate the flow velocity for each cell of the basin, the following methods are considered (see Table 2 and Table 3 for details):

case 1a) In the hillslopes: Darcy - Weisbach formula; flow depth “y” = 0.002 m; in the channels: channel velocity set to 2 m/s.

case 1b) In the hillslopes: Darcy - Weisbach formula; flow depth ‘y’ = 0.005 m; in the channels: channel velocity set to 2 m/s.
The WFIUH model is not largely applied since these two velocity values have to be calibrated while this IUH approach should be adopted on small and almost ungauged basin. Further case 1c) In the hillslopes: Darcy - Weisbach formula; flow depth ‘y’ = 0.010 m; in the channels: channel velocity set to 2 m/s.

improvements can be obtained considering the spatial variability of hillslope velocities with the aim to reduce the number of parameter and to better determine the basin IUH. Overland flow case 2a) In the hillslopes: Manning formula; flow depth ‘y” = 0.002 m; in the channels: channel velocity set to 2 m/s.
case 2b) In the hillslopes: Manning formula; flow depth “y” = 0.005 m; in the channels: channel velocity set to 2 m/s.
case 2¢) In the hillslopes: Manning formula; flow depth ‘y” = 0.010 m; in the channels: channel velocity set to 2 m/s.
case 3) In the hillslopes: SCS formula; in the channels: channel velocity set to 2 m/s.
local geomorphic properties such as slope or contributing area. case 4a) For hillslope and channel cells: Maidment et al. (1996) formula; mean basin velocity “Vmean” = 0.05 m/s.
Although several studies have already focused on the relationships between WEF, channel flow velocity and hillslope flow velocity, in literature it was not deeply investigated the spatial case 4b) For hillslope and channel cells: Maidment et al. (1996) formula; mean basin velocity “Vmean” = 0.10 m/s.
case 4c) For hillslope and channel cells: Maidment et al. (1996) formula; mean basin velocity “Vmean” = 0.15 m/s.
In order to avoid unrealistic low velocities due to particular combinations of slope and drainage areas, thresholds for velocities are fixed. Literature review allowed setting both lowest and highest threshold limits assuming valid the range

from 0.02 to 2 m/s, so velocity values lower or higher than these thresholds are changed respectively to 0.02 or 2 m/s.
constant hillslope and river network velocity values. 4) Rescaling of WFs are determined weighting the WF with the corresponding flow velocities in the following cases:
B) to evaluate approaches useful for the flow velocity estimation in term of the capability to reproduce appropriate values and in term of the number and type of parameter introduced. hv var.) - velocity that varies cell by cell according the previous cases from “1a” to “4¢c’.

hv const.) - constant flow velocity for channels (set to 2 m/s) and constant flow velocity for hillslopes, equal to the average of the heterogeneous velocity values defined in the case ‘hv var.’
5) Comparison of the WF with the aims:

A)  to highlight the differences in using a fully spatial distributed hillslope flow velocity field to rescale the FL, as respect to the standard approach which considers constant hillslope and river network velocity values

(here only the case 2c is showed for all the DEMs considered)
B) to highlight the differences in the flow velocity estimation schemes (here only one DEM is considered, having applied all the cases from “1a’ to “4c’).

The aim of this work is to focalize the attention on the design flood estimation on small ungauged river basin of limited extension (<150 Km?).
In this contest we refer to the Width Function Based Instantaneous Unit Hydrograph (WFIUH) model, which optimizes, through the DEM, the distributed morphological basin information. The

algorithms on elevation data, but in order to obtain the basin travel time distribution (IUH, or FT, Flow Time) two parameters have to be assigned: the channel and hillslope velocities (Vc, Vn).

Indeed these two values, rescaling the WF expressed in terms of length, provide the travel time of each cell of the basin.

velocities are recognized to vary with slope length, flow depth, land use and other geomorphic hillslope characteristics. Several approaches for the variability velocity field estimation applied

for FT definition can be found in literature, for instance starting from classic Manning’s law and making assumptions on the hydraulic ratio, or linking hillslope velocity with power laws or

variability of overland flow velocity and how this variability affects the basin hydrologic response. So, after a brief review of the main methods, aim of this work will be:
A) to highlight if it is useful and what are differences in using a fully spatial distributed hillslope flow velocity field to rescale the FL, as respect to the standard approach which considers
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y = overland flow depth (m) Lo
® = cinematic viscosity (m? s1) — - 311 Br%)ad-leaveg forest 20000 0.6 0.73
_ . . : . . Formula Parameters Parametersdescription Ancillary Data 312 Coniferous forest 20000 0.6 0.73
K = coefficient related to land use and rainfall intensity (unitless) Numb 313 Mixed forest 20000 0.6 073
n = Manning’s roughness coefficient (s m -1/3) , uoer — : — 321 Natural grassland 15000 0.25 259
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ype flow velocity field and constant hillslogp A~ upstream drai : c) SC 1 Channel velocity in river netwo Land cove B e e andsandpae SR
P ty - ups Tealn. I'alnag.e .area (m ) d) Maidmen 1 Mean Velocity in the whole ba: - 333 Sparsely vegetated areas 10000 0.i3 2:59
b, ¢ = calibration coefficients (unitless) 334 Burnt areas 2000 0.1 2.96

river network velocity values.
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Chisone basin Flow Time Isornc hv var. 0.062 185 699 190 0.19 1.09
| hvconst. 0.070 155 329 145 0.15 0.02
008 - frequency (related to peak discharge) Chisonc  hv var. 0.053 165 844 265 0.32 1.33
<T >Vc hvconst. 0071 125 280 170 0.18 0.18
007 1 M1= (related to mean) Lernu hvvar.  0.039 205 794 1.70 023 081
= | o <L> hvconst. 0.044 155 512 142 020 0.37
S 0.06 1 Base tume (related to concentration tirme) lsalle tributary hvvar.  0.083 115 385 211 0.19 0.67
E hvconst. 0.095 95 285 179 0.18 0.42
£ 0.05 - M 2 var(T) elated ) Cedrino tributary hvvar. ~ 0.070 95 597 1.97 0.33 147
& } A = related to variance hvconst. 0.083 95 352 1.60 0.23 0.83 . :
T.:_-} 0.04 - peak time (related to forecasting) cast ZC) hv. var. - black lll’.le, < T >2 Lode tributary hv var. 0.047 115 725 294 034 1.11 In all case studies the as§qmpt10n of
< case 2c) hv. const. - gray line hvconst. 0076 115 356 1.85 0.19 050 |heterogeneous flow condition leads to
oo ) 3 e v 98 2 o L 97 020 | o morespread IUH response, with
§ 0.02 7 M 3= <(T-<T>)"> (related to skewness) Lys hvvar. 0091 145 503 167 0.17 0.93 larger durations (FImax) and lower
0.0] - Var(‘l‘)3/2 hv const. 0.079 115 289 1.26 0.18 0.19 peaks (f), while differences in terms of
' . . Nestore hv var. 0.056 125 655 2.09 0.28 0.96 .
FT - Width Function hvconst. 0.085 105 361 151 0.16 0.30 time to peak (FTmode) are smaller.
0 o d | | <L> = mean of travel distances (FL - Flow Length) in the basin Naja tributary hvvar. 0055 145 768 1.82 0.26 0.93
0 200 400 time (min) 800 1000 <T> = mean of travel times (FT - Flow Time) in the basin hvconst. 0.078 95 279 139 018 0.14
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versa the lowest ones in the high contributing area cells, consequently these latter have a major influence in travel time definition providing slower patterns (this is the reason for the FT base time
increasing).

In order to investigate which is the best method to estimate the hillslope velocity, four approaches are considered and they are applied on the case studies using different parameters values. The
obtained velocity maps are analyzed: evaluating how realistic are the estimated velocity values comparing the basin travel time estimated both from the FT maps and from classical empirical

formulas. The achieved results allow supporting two conclusions: the former is that the best method to define the velocity fields appears the SCS, the latter is that concerning the travel time

distribution estimation either SCS’s or Maidment’s scheme can provide useful results using just one parameter.




