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ABSTRACT

The present investigation aims to better understaedrunoff generation mechanisms in
an experimental basin of 32 kim Southern Italy. Particular attention was pail the
influence of the soil moisture content, measureé dmllslope of a small subcatchment
of 0.65 km, on runoff activation mechanisms, evaluated attthe spatial scales. We
found that, the threshold value, responsible ofoftiactivation, is almost equal to field
capacity. In fact, we observed a rapid change & slabcatchment response when the
mean soil moisture reaches a value close to thergbd range of variability of the
evaluated field capacity. In the small subcatchmtre runoff coefficient is almost zero
for each of the events recorded during dry periddsring wet periods, however, it is
rather variable and depends almost only on theltaanfall. Changing from the small
scale up to the medium scale) the threshold meshanin runoff production is less
detectable because masked by the increased shat@logeneity of the vegetation cover
and soil texture.

1. INTRODUCTION

The surface and subsurface runoff generation istiaat process to be considered in
physically based hydrological models for the predic of hydrological extremes.
Rainfall events interesting small and medium sia&cltments may generate different
hydrological responses depending on antecedentnsisiture conditionsShulze 2000).

Many factors may influence the soil moisture spatariability, Moore et al.(1988)
and Nyberg (1996), among many others, found positive conatabetween specific
contributing area and soil moisture content. Otheighlighted a link between soil
moisture of restricted areas and storm runoff (ekirkby and Chorley 1967). In
particular, Hewlett & Hibbert (1967) argue that surface runoff is generated Hmy t
development of variable source areas controlle@riigcedent soil moisture conditions,
rainfall intensity and duration.

In several more recent workBiérz & Plate 1997;Meyles et al.2003;Blume et al.
2007, Manfredg 2008), the role of the soil moisture antecedemtddions in the
infiltration processes and in basin resporidang et al, 1988; Castillo et al, 2003) is
emphasized. Regarding catchment response to intwos@& events, the role and the
quantification of runoff thresholds is still uncari. Among othersGrayson et al(1997)
argue that above a wetness threshold a substaotiadn of a small basin acts in unison
and contributes to the runoff production.

In the present paper, investigations were conduttexigh an experimental approach
and in particular exploiting the hydrological datanitored on thé&iumarella of Corleto
catchment (Southern Italy). The field instrumemtatprovides continuous monitoring of
all fundamental hydrological variables: climatediog, streamflow and soil moisture.
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The present experimental campaign allowed to colesignificant number of flood
events. Some of these have been analyzed one bynoosler to classify the flood
production mechanisms, define the dynamics of moilsture along the gauged transect,
characterize the dynamics of the saturated podidhe transect during flood events. The
aim of the present research is to better understiaaddynamics of runoff generation
during flood events, comparing the data recordedwat nested catchments of the
Fiumarella of Corleto basin. Particular attenticasvpaid to the influence of soil moisture
antecedent conditions and the soil hydraulic charetics on the runoff activation
mechanisms.

2. DESCRIPTION OF THE EXPERIMENTAL STUDY AREA

The research is carried out over the experimentainbFiumarella of Corleto
(Basilicata, South-Italy, see Fig. 1.A), where numos rainfall and flood events under
wet and dry antecedent conditions were recordeceaathined. The monitored basin has
an area of 32 Kfrhighly heterogeneous in soil texture and land Userder to extend
the analysis to a smaller basin we monitored alsalacatchment located on the right-
hand side of th&iumarella of Corleto(Fig. 1.A and Fig. 1.B) with an area of about 0.65
Km? and characterized by a significant homogeneityaird use and vegetation cover
(further details can be found on Carriero et &0&) and Onorati et al. (2007)).
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Figure 1. A) Geographical position of the experimental bd&sumarella of CorletoB) Slope
map of the area obtained from a DEM at 1m of resmiuwith the locations of the monitoring
stations.

The monitoring station of the small subcatchmemeaized with a metallic tank with
a Thomson weir for accurate discharge measurenjeath two minutes) by means of a
water level sensor positioned at the subcatchentket (Fig. 2.A). The climatic forcing
(precipitation, air temperature, air humidity, soladiation, snow cover depth, snow
temperature, etc.) are recorded each ten minuteg @ meteo-hydrological station
placed at less than to 1.3 Km from the experimesital(Fig. 2.B).

Furthermore, in the subcatchment a TDR (Time DonRflectometry) system is
installed covering a transect of about 60 meteth i sampling points for soil moisture
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measurements (with sampling frequency of 1 hourat different depths (30 and 60
cm) (see Fig. 3). The acquisition of the data iseldaon a GSM real time remote control
system.

B)

Figure 2. A) Subcatchment outlet with a metallic tank for desgje measuremen®) Meteo-
hydrological station.
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Figure 3. A) Transect location and TDR statid®). One of the 11 sampling sites with probes at
to two different depthsC) Schematic representation of a TDR probe and gedesaription of
the instrumentation.

The subcatchment was chosen as being homogeneoudarfd use and soil
characteristics. In fact, the soil texture classifion has been obtained through
granulometric analysis on several samples and thg Bhysical and hydraulic
characteristics of the soil investigated are liste@able 1.

Soil depth Texture (average values) Der?:iltl; " Cagfgﬁy .
[m] [%] Clay [%] Sand [%0] Silt [kg/m [%0]
0.30 23.8 26.3 49.9 1200.0 28.1 +39.8
0.60 25.1 27.9 47.0 1400.0 32.7+38.2

Table 1.Main features of the soil along the transect itigased at two different depth.
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3. PRELIMINARY ANALYSIS AND RESULTS

In this work we used the soil moisture data recordantinuously along the monitored
transect by the TDR100 instrumental apparatus.duitian, the lag-times, as the time
from the centre of the rainfall to peak discharged the runoff coefficient were
calculated for each of the flood events examinadtiriyy the monitoring period January
2007 — May 2007, 16 streamflow events were recorded

3.1 Hydrological response of the subcatchment of@bkmq

The plot in Figure 5 shows the lag-time dependingh@ depth of rainfall for each of
the events recorded. For rains of small and mediine, less than 10 mm in depth, the
lag time is rather variable between 1 and 25 hduws.depth of rainfall greater than 10
mm, the lag time is in the order of 2-3 hours amdependent by rain depth.
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Figure 5. Lag time versus rainfall.

The runoff coefficients have a strong dispersiospeet the total rainfall during a
storm event. Its values range from 0-2% (for mash revents of less than 10 mm
rainfall), only for two events the runoff coefficiewas significant higher. During storms
of depth higher than 10 mm, the coefficient incezbsiore rapidly and reached values of
up to 16% (see Fig. 6. A). This process can depemdthe antecedent moisture
conditions, the intensity and duration of rainfalhd the hydraulic characteristics of the
soil matrix.

The relationship between rainfall depth and peakldirge is shown in Figure 6. B.
For most of the rainfall events of less than 10 thenpeak discharge remains below 0.1
m>sec'. Beyond 10 mm rainfall depth, one would think tpagk discharge may grow
quite rapidly up to values around 0.8se¢'. Unfortunately we have measured only one
peak discharge that differs significantly from thteer in absolute value. This deficiency
limits the relevance of this analysis, but confidmna principle the behaviour typically
non-linear in the runoff generation.
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Figure 6. A) Runoff coefficient versus rainfalB) Peak discharge versus rainfall.

3.2 Relationship between soil moisture content arithe runoff coefficient

Particular attention was paid to the influence li# soil moisture content on runoff
activation mechanisms.
In the experimental subcatchment, the relationbleipveen the soil moisture content,
measured at 30 and 60 cm depth, and the runofficiestt is shown in Figure 7. These
graphs describe the relationship between the rwusfficient computed for each of the
16 measured events and the mean soil moisturerdomigasured before of each rainfall
event. The mean soil moisture content is computdguthe probes of the first layer

(Fig. 7. A) and of the second layer at 60 cm d€piy. 7. B).

It appears that the threshold value, responsibleundff activation, is close to the
estimated value of field capacity. In fact, we alisea rapid change in the subcatchment
response when the mean soil moisture reaches a ghise to the range of variability of
the field capacity measured along the monitoredseat of the small catchment (dash-
dot line represents the mean value of the fieldacayp, while the dashed lines describes
the range of variability of the field capacity atptihhe monitored transect).
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Figure 7. Runoff coefficient versus average soil moisturetenhmeasured before rainfall
event.A) soil moisture content measured at 30 cm ddp}isoil moisture content measured at
60 cm depth.
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One can see that, in dry conditions, the runoffffcment is almost zero for any
rainfall event, in wet conditions, the runoff caeignt is rather variable.

Similar results were obtained in other experimengahpaigns (Grayson et al., 1997)
where the runoff coefficient was fund to be dependmn the antecedent soil moisture
conditions (Fig. 9.A).

On the other hand, the basin of 32 kmq has a greafecity to generate runoff with
respect to the sub-basin, covered only by forelsé agricultural soils on the northern
hillslope of the basin reduces significantly theltration capacity of the soil.

The graphs in Fig. 8 describe the relationship betwthe runoff coefficient computed
for each of the 16 measured events and the mehmewture content measured before
of the rain event, average on the whole basin. ean soil moisture content is
computed using the probes of the first layer (BigA) and of the second layer at 60cm
depth (Fig. 8. B). In this case, the data showreatgr variability and the threshold effect
vanishes at this scale.
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Figure 8. Runoff coefficient versus average soil moistureteat measured before rainfall
event.A) soil moisture content measured at 30 cm dep}isoil moisture content measured at
60 cm depth.

Finally, in Fig. 9 the relevance of the scale dffesc highlighted comparing small
basins Tarrawarra catchment of 0.10 kfnand Fiumarella of Corletosubcatchment of
0.65 knf) to a medium size basitFiimarella of Corletocatchment of 32 kA The
threshold mechanism in runoff production appeass tetectable because masked by the
increased spatial heterogeneity of the soil magssiate, depending on vegetation cover
and soil texture.

Runoff Coefficient

-
£
.

»°

.
.
]
P

0,18
0,16
+ 0,14
0,12

]

ff coefficient [

o
o o
o =

2 0,06
S

b— o o

o
OO0

®

|
|
|
N o
|
|
|
|

Runoff coefficient [ - |

1 02 0,35

03
0,25
0.2

0,15

o
0.1

0,05

0

I
P
I
i
i

o
|
|

15 20 25 30 35 40 45 50 0 005 01 015 0,2 025 0,3 035 04 045 05 055 0 005 01 015 0,2 0,25 0,3 0,35 04 045 0,5 0,55

Moisture (%V/V) Antecedent soil moisture content [cm  */em”] Antecedent soil moisture content [cm  *fcm?]

Figure 9. Runoff coefficient versus average soil moistureteat measured before rainfall
event at thé\) Tarrawarra catchment (bysrayson et al.1997),B) Fiumarella of Corleto
subcatchment and) Fiumarella of Corletacatchment.
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4. CONCLUSION

In this work we reported the preliminary results tbk experimental measurements
campaign conducted on the whélemarella of Corletdbasin and on a subcatchment. In
the small basin, the results shows a rapid chamdieei basin response as the antecedent
soil moisture content reaches a value close tdighe& capacity of the soil. This means
that the field capacity represent a threshold parameter that if exceeded causes the
runoff generation. Changing from the small scaiefé&ce of 0.65 kif) up to the medium
scale (surface of 32 Kinthe threshold mechanism in runoff productioneissl detectable
because masked by the increased spatial heterbgehdhe vegetation cover and soll
texture that makes difficult to parameterize thbaywor of the whole basin with only a
field capacity value.
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