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Abstract. This study presents a revised and scale-adaptedeveral Mediterranean Europe river basins (Rickson, 2006),
Foster-Meyer-Onstad model (Foster et al., 1977) for thewhere there aren't satisfactory geo-data series because of
transport of soil erosion sediments under scarce input datanutability, discontinuity and sparsity of the available data
with the acronym CIIFEM (Climate Forcing and Erosion (Poesen and Hooke, 1997a). In these basins, stream and
Modelling). This new idea was addressed to develop atillage erosion probably are the dominant sediment sources
monthly time scale invariant Net Erosion model (NER), (Poesen and Hooke, 1997b) and are considered an important
with the aim to consider the different erosion processedimiting factor of farm soil fertility (Lal, 2001). Prolonged
operating at different time scales in the Sele River Basinor accelerated erosion events cause irreversible soil losses,
(South ltaly), during 1973-2007 period. The sediment de-thus reducing soil ecological functions such as biomass pro-
livery ratio approach was applied to obtain an indirect es-duction and filtering capacity (Gobin et al., 2004). Changes
timate of the gross erosion too. The examined period wasn the climate time patterns may have important effects on
affected by a changeable weather regime, where extremthe interaction among erosive rainfalls, vegetation covers and
events may have contributed to exacerbate soil losses, alunoff, which can affect soil degradation. In Mediterranean
though only the 19% of eroded sediment was delivered atareas, erosion is particularly pronounced both in the semi-
outlet of the basin. The long-term average soil erosion wasarid regions (200-300 mmyedr), and in the sub-humid
very high (73 Mgha! peryeart 58 Mgha'1). The estimate  ones (900-1500 mm yeat) and the strong variability in an-

of monthly erosion showed catastrophic soil losses during thenual precipitation with frequent events of extreme rainfalls
soil tillage season (August—October), with consequent landnay result in time-transgressive susceptibilities of regional
degradation of the hilly areas of the Sele River Basin. erosion (after Boardman and Favis-Mortlock, 2001). Many
studies were made on erosion simulations and on ecosys-
tem responses to future climate changes (e.g., Newson and
i Lewin, 1991, Easterling et al., 2000; Yang et al., 2003; Near-
1 Introduction ing et al., 2005; Michael et al., 2005: Phillips et al., 2006:
Quilbe et al., 2007), but few researches allowed to quantify

The full knowledge of climate drivers of soil erosion o gffects of past climate variability on the dynamics of ge-

needs extended meteorological, hydrological and_ land'coveBmorphological processes (Rumsby, 2001; Diodato, 2006;
records and the knowledge of the processes linking weath oster et al., 2008), while they study episodic impacts of ex-

and geomorphology at different time and spatial scales. Th‘%reme rainfalls (e.g., Gomez et al., 1997; Hooke and Mant,

nature of such linkages remains still poorly understood f°r2000; Coppus and Imeson, 2002; Maez-Casasnovas et
al.,, 2002; Mul et al., 2008). Other researches are mainly

@ Correspondence td: Alberico based on plot covers and soil types and they cannot be
(ialberic@unina.it) scaled up to catchment scales (Dickinson and Collins, 2007).
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Although various models are reported in literature, it is dif- Data exploration, development and model performance

ficult to relate the occurrence of historical soil erosion rateswere supported by XLStatistics — Excel add-in Software for

to climate variability because there aren't long-term researchstatistical Data Analys@ Rodney Carr (1997-2007).

projects in river basins, especially as regards the sediment

data. Some authors (Larson et al., 1997; Boardman, 20062.1 Process-based monthly Net Erosion (NER) model

stressed the need to study the driving variables of soil loss

with an high frequency, for the importance of the extreme!n this study we expanded and adapted a sub-routine intro-

rain time-clusters on climate aggressiveness and thus on sailuced by Foster et al. (1977) to take into account the runoff

losses. shear stress effect on soil detachment for single storms. The
According to the aforementioned Authors, our effort was New Time Scale-Invariant process-based monthly Net ERo-

to produce monthly sediment budget, for develop a processsion (NERrs)) model was used for predicting monthly net

based time-scale invariant Net Erosion model (NER). After-€rosion over medium basins (around 300GknThe hydro-

wards, monthly, seasonal and annual gross erosion rates wel@gical ecosystem module, considers the interrelationships of

carried out within adown-scalingapproach by using Sed- rainfall erosivity, runoff, erodibility and vegetation cover as

iment Delivery Ratio (SDR), on the contrary ap-scaling ~ follows:

procedure commonly used by RUSLE (Renard et al., 1997) _ =7 = \V

As remarked by Larson et al. (1997), the USLE-RUSLE ap-NERTS'_K' (a'Elerﬂ'Q’”) '

proach is aimed to simulate the average long-term soil ero- exp(—y- (NDVIm~100)) )

sion, but it negle.cts land vulne.rablhty during SEVETe Tain-\yhere the first term in bracket is the modified erosivity fac-
stqrms becaus_e it was not designed to accurately SlmulatFor as adapted by Foster et al. (1977), while the second term
soil losses of single events. is the modified vegetation erosion exponential function, as

CliFEM app?"a‘:h' derived fTOm Foster et al. (1977), was dapted by Thornes (199(; is the RUSLE erodibility fac-
developed to include the major conceptual advantages Oﬁ)r (Mg hMJ2mm1) changing with basin soils, that was
some erosion models. However, while NER model was ’

. . . set equal to 0.0362 (an approximate rang& afalues can be
largely determined by the required experimental data, therounded in van der Knijff et al., 2000}, 8 andy are em-

(?DR _moSdeII VI;?S c%nst_rainid b{} we_akness of :]he avai!at_) I'i)irical parameters equal to 0.40, 0.60 and 2.05, respectively;
ata in Sele River Basin. nqt er |mp(_)rtant ¢ ara_cterlstlcy is the parameter of the vegetation exponential function, set
of the NER model was to consider the different erosion pro-equal t0 0.04 (early placed equal to 0.07 by Thornes, 1990).

cesses at different time scales (from monthly to annual). Th& .- that the terms are averaged values upon an area (in our
major weakness of the approach here proposed may be i@ase of the basin-area)

the sediment data quality, and in the consequent uncertainty Monthly rainfall erosivity at gauged statiorEl
in Sediment Delivery Ratio, that is a critical point in many (MImmhalh-montr)) was derived from rain%ll

models (L. Borselli, personal communication, 2007). measurements in the Italian area, according to RUSLE
scheme (Diodato, 2005a):

2 Model description El, — 01174 (ﬁ~d°‘53~h1'18) 3)

The process-based monthly time scale invariant Net Erosion h is th i initati N .

model (NER) was aimed to consider the erosion processe ere p is the monthly precipitation amount (mmy, is

at different time scales. The amount of sediments from a-'© monthly maximum daily rainfall (mm), and is the

basin (net erosion) is in fact generally much smaller than themonthly maximum hourly ra'T‘fa” (mm), respectively. I.n this
approachd andh are descriptors of the extreme rainfalls

mount indi il r r rosion). The rati . .
amount indicated by soil loss rate (gross erosion) © atostorms and heavy showers respectively) (Diodato, 2005a).

between net and gross erosion is the sediment delivery ratiéince long series of meteorological variables do not include
SDR). Considering then that only a fraction of the eroded ; : o .
( ) iaering y ! hourly rainfall intensities (i.e. the teri), the Eq. (3) was

soils is transported to the basin outlet, as indicated by SDR,." 7 ) . . ]
we can use this link to evaluate the soil amount removed by§|mpl|f|ed as in the Eq. (4) (Diodato and Bellocchi, 2009a):

water within the wqtershed slope.'A wel! known reIaFionship El,, = 0.0400- <po‘35 .d%%0. (4. O[m)o.m) ()
to convert net erosion to gross soil loss is the following:
NER wherew,, is a seasonal scale-factor in function of the month,
GER=ck D m=1,... 12
. . . 3

where GER is the monthly gross soil loss, NER is the net m

. . . : . =|1-0.30-cos| 2 5
erosion, and SDR is the sediment delivery ratio. o [ ( i (26— m)):| ®)

Since with Eq. (3) it was not possible to have continuity in
erosivity modelling between the first and the last time of the

Nat. Hazards Earth Syst. Sci., 9, 1693982 2009 www.nat-hazards-earth-syst-sci.net/9/1693/2009/



N. Diodato et al.: CliFEM in the Sele River Basin 1695

series, the whole erosivity dataset was subjected to a rigorouset constant for the whole simulation period, since MODIS

control of internal consistency (e.g., inspection and crossNDVI data were not available before 2000 year. However,

check of the extremes of rain and hourly rain of the closestfor accounting tillage erosion in Eq. (2) when running it for

stations, zero of the erosivity values with temperature closeerosion reconstruction, the NDVI values were adjusted in au-

to zero degrees during cold rains, check of outlier values). tumn season multiplying it for the coefficients reported in
The erosivity value averaged over the basin was calcu-Table 1 (third row).

lated according to the following multiple linear regression
(r2=0.93): 2.2 Gross erosion evaluation

El,, =0.684. Elypy+0.722- El, () (6) The simulation of daily SDR made with the Soil and Water
Assessment Tool — SWAT (Arnold and Williams, 1995) was

whereEl,,p) andEl,s) are the estimated rainfall erosivity - conceptually revised and adapted to the monthly scale by the
with Eg. (4) at Pontecagnano and Buccino stations, respeGpliowing equation:

tively.
In lack of experimental measurements (after 1994 year in 0, ¢
this specific case), monthly runoff)(,,) was estimated by SDR.={a + bﬁ (10)

adapting the Vandewiele et al. (1992) approach:

Om =Nm - [ﬁm — AET,, (0.5 — exp(—

A%—’_’I’_ and ¢ are three coefficients equal to 0.035, 0.010 and 0.50

respectively, derived imposing a values of SDR-long-term

wherep, andAET,, are the average values of rainfalls and €4ual to 0.19, which, inturn, was supported by human-expert

actual evapotranspiration, respectively; are the monthly (L. Borselli, personal communication, 200?), and checked by
experimental coefficients related to soil (see Table 1, firstCSIRO abaco (Lu et al., 2003) on the basis of the basin area

and the storm duration.

>>} where the terms of the ratio are those described ahove;
(7)

row). The performance of calibration made with 46 monthly
data was significant-£=0.90).

P, Was estimated according to the following multiple non-
linear regression-£=0.94):

2.3 Estimation of tolerable soil loss

Since the effects of soil erosion on soil productivity depend

P = ( )0.70 4 0.90. ®) on the depth of these soils, it is possible to define the tolerable

Pm = Pm(P) PH Pm(B) amount of soil loss when the soil depth of an area is known.

where p,,(p) and p,,3) are the measured monthly rainfalls Combining the information gathered on topsoil loss depth

at Pontecagnano and Buccino stations, respectively. (S9 and proportion of land degraded (PLD), the tolerable
Monthly AET was derived from Global Rapid Integrated Soil loss (TSL) may be calculated by using the Bhattacharyya

Monitoring System (Global-RIMS available at webpagg: €t al. (2007) approach:

/Irbis.sr.unh.edy/ For the last years (2001-2007), where PLD-D - Sp

AET was not updated in RIMS-database, the following em-TSL:f (11)

pirical sub-model was approached to transfer AET from

point-site to averaged AET over the SRB compatible with where PLD is the proportion of land downgraded to at least

RIMS output: the next depth class (%, assumed equal to 154is the
3 time (years, assumed equal to 10D)js the bulk density of
AET,, = 0.570- AET,,p) - (0.4 +v;)” +7.60 (9)  the soil (assumed equal to 1.4 Mg#), Sdis the soil depth

where AET,p) is the actual evapotranspiration at Pon- (assumed equal to 130 cm).

tecagnano site in mm month (derived from RAN-UCEA

Network,www.ucea.it), andv,, are the monthly experimen- 3 Results and discussions

tal coefficients related to the soil moisture, (see Table 1, sec-

ond row). Also in this case, the calibration process, made3.1 Study site

with 24 RIMS monthly AET data, gave a significant correla-

tion (-2=0.90). The Sele River Basin (SRB) is located across the Southern
NDVI-biomass seasonal regime was represented byCampania and Western Basilicata regions (Fig. 1). The basin

monthly MODIS (MOderate resolution Imaging Spectrora- can be divided in two main zones: the dolomitic limestone

diometer) composites, averaged on the 2000-2007 periodzone, in the mountainous and hilly areas, and the marine-

downloaded from Northern Eurasia Earth Science Partneralluvial zone, in the plainy areas. The 130-km length Sele

ship Initiative Monthly Products, NASA web sitéhtfp: river starts in the Cervati Mountains (1855 ma.s.l.), its basin

/ldisc.sci.gsfc.nasa.gov/techlab/giovanni/#maincontert/ covers an area of about 3000 kextending to adjacent Sele

this first approach the NDVI seasonal regime over SRB waslain characterized by different land uses, such as crops,

www.nat-hazards-earth-syst-sci.net/9/1693/2009/ Nat. Hazards Earth Syst. Sci., 9, 792009
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Table 1. Monthly empirical coefficients;,, andv,, arranging soil moisture for the Eqgs. (5) and (6), respectively,aratranging tillage
erosion in NDVI autumnal values.

J F M A M J J A S o N D

nm 080 080 060 060 040 0.10 010 0.10 0.06 0.20 0.40 0.80
vy 030 030 030 085 080 080 080 050 060 064 0.70 0.40
= 100 1.00 100 100 100 100 100 094 0.77 082 0.89 0.95
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Fig. 1. Geographical settin¢a) and peninsular Southern Ita{l), with land-cover across Sele River Basin in bold I{e® Land-cover
source:http://hydis.eng.uci.edu/gwadi/

shrub and mixed-deciduous woods (Fig. 1¢). The Sele Plairand sediment transport data for Calore River Basin (Diodato,
comes from the aggradation of a Plio-Quaternary depres2006), a region adjacent to the SRB and with geographical
sion located along the rifted inner margin of the southernfeatures and extension very similar to SRB. The second one
Apennine Mountains. It is about 400 Kmvide and has a  consisted of a long-term hydrological database for SRB, in-
triangular shape, defined seawards by a straight sand coasluding precipitation, discharge and evapotranspiration data.
stretching between the towns of Salerno and Agropoli andThe pluviometrical database included daily records from 50
closed landwards from Lattari and Picentini Mts. to N-NW raingauges over SRB (SIMN 1950-2000). Although long-
and from Alburni, Soprano-Sottano and Cilento Mts. to SE.term homogeneous pluviometrical series were available for
The climate of the SRB is dflediterraneantype, but with  only two stations (Pontecagnano and Buccino), their consis-
spatio-temporal differences in both precipitation and tempertence allowed us to well represent the space and time vari-
ature. The average (1957-2000) annual precipitation, estiability of data in the whole SRB basin. The runoff value
mated over 62 raingauges, ranges from 700 to 2000 mm, witlecords were registered at Albanella gauge, close to SRB out-
mean and standard deviation of 11867 mm, respectively. let.
The original forest-covers have been fragmented by agricul-
ture that is the main activity in this region. Especially during 3.2 Exploratory data analysis
and after the typical tillage period (September—December),
erosive rainfalls are very hazardous in this area that is afExploratory data analysis was part of the preliminary re-
fected by a mixed regime of frontal rainstorms and localisedsults, which should always be done before of more formal
deluges (Fig. 2a). Annual rain-erosivity ranges from 600 toanalysis and discussions. It was obvious that both net and
4000 MJ mm ha® h~1in this part of Southern Italy (Diodato ~gross erosion would have a very similar seasonal regime (his-
and Fagnano, 2009), with areal mean and standard deviatioilograms in Fig. 3a and b, respectively). Confidence interval
of 2000883 MJ mm hal h~1 (Fig. 2b). at 95% were drawn too (vertical lines passing the single bars
In this context, weather has an important impact on erosiorin Fig. 3a, b). Erosion regime was clearly autumnal with val-
and on agricultural activity that plays an essential role in theues positioned around a mean rate of 8 Mghger month.
economy and landscape of SRB. The frequency distribution was strongly skewed and bi-
The dataset supporting the present work consisted of twanodal for net erosion (Fig. 3% as well as for gross erosion
databases: one for model calibration and another for eroffigure not shown). If annual gross erosion amounts were or-
sion reconstruction. The first database included hydrologicatlered from the highest to the lowest value over the 35-year

Nat. Hazards Earth Syst. Sci., 9, 1693982 2009 www.nat-hazards-earth-syst-sci.net/9/1693/2009/
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curve), reference evapotranspiration (red curve) with 0.5 ETo (violet curve), as arranged by New LocClim — FAO sbftpuélievw.fao.

org/sd/dimen3/en3051002en.htn); (b): kriged map of long-term average annual rainfall erosivity over and around SRB by Diodato and

Fagnano (2009).
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Fig. 3. Long-term monthly predicted average for net erogia)) and gross erosiotb) with related confidence interval at 95% (vertical
lines passing on bars); net erosion frequency distribui@gih and ordered gross erosion amount (histogratm infor the 35-years period
(1973-2007) with overimposed the related average value (horizontal dotted line) and exponential model (curve) at Sele River Basin.

period, the resulting curve was an exponential equationfluence can make the landscape more or less resilient to cli-

y=a-expp-t), wherey=soil loss,r=year number, and and mate events (Morgan, 2005). Increased erosion of soil by

b=two constants (Fig. 3b. water was, in fact, a problem since man began to cultivate the
Figure 3 shows that in On|y 10 of the 35 years the soil Iand. In some Mediterranean areas, SUCh as in the SRB, ero-

losses exceeded the long-term average (horizontal dotte8ion is probably increased with deforestation since the Me-

line), with soil erosion accounting for 60% of the total esti- dieval age.

mated soil eroded. These examples illustrate the dominance Hydrological mega-events, occurred with possible and

of relatively few events in the determination of long-term major flood disasters, were annotated only from the XVIl|
erosion average. century, some of which were of high impact in terms of hu-

Although erosion is a natural process and thus is naturall;}“aln suffering, losses in property, and extensive disruption of
variable with climate, soils and topography, the anthropic in- business activities (Esposito et al., 2003).

www.nat-hazards-earth-syst-sci.net/9/1693/2009/ Nat. Hazards Earth Syst. Sci., 9, 792009
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3.3 Spatially integrated effects in long-time affect probability, timing, and magnitude of specific basin-
erosion series response-producing mechanisms (after Bartlein and Prentice,
1989; Katz and Brown, 1992). These events may be grouped

3.3.1 Gross erosion timing in some years or months according to storms climatic vari-

ability over interannual to century scales (after Garcia-Oliva

The net erosion can be reasonably converted to the grosat al., 1995; D’Odorico et al., 2001; Hollinger et al., 2002;
soil losses (Fig. 4). The long-term average soil erosion wadPeterson et al., 2002).
very high (73 Mg ha? peryeat: 58 Mg ha'l). Progressive
year_ly ayeraged values during 1973-2007 period (bpld blacléle,)_2 Seasonal investigation
line in Fig. 4) showed a changeable trend with short intervals
carachterized by negligible soil losses, followed by periods
with erosion above the Tolerable Soil Loss (TLS), and oftenSeasonal changes in the soil erosion climatologies occurred
above severe erosion rates too (SSL line). At the beginnindgn both gross and net erosion, especially in autumn and early
of the 1990 decade, it was evident a more irregular temporal©f the winter season, as it is evident from the couples of bars
pattern, with the highest annual erosion (264 Mghan  shown in Fig. 5 (a, b), that compare the last period (1995-
2002). This was also confirmed by an increase in erosior?007), to the first one (1973-1994). A reduction in soil
75th quantile (+25 Mg hal) upon the last decade, as com- €rosion occurred during last decades in MareliZ), April
pared to the previous one. (—9%), May (—8%), and mainly in November—(‘ll%). On

Weather and climate shifts strongly affected erosion sealh€ contrary, there was an increase on July (+78%), August
sonal and interannual regime, showing large fluctuations*72%), December (+39%), January (+41%) and, especially,
from month-to-month (Fig. 5). This was in agreement with in September (+106%), increasing the soil loss mean rate
the large instability of the agrosystems of the basin, that defrom 6 Mg ha' to 33Mg ha_l (see Fig. 7a, b). However,
serves attention and immediate alert, especially, for the connly the 19% of eroded soil was lost, implying that about
tinuous exceeding of TSL values and for the periodical ex-81% of it was delivered to the valley system. Negligible
ceeding of the catastrophic threshold (CSL) too, especiall)ﬁhanges occurred in the other months for both the erosion
during the last decade. The recent decade in fact showelYP€S-
the alternation of quiet-and-longer dry intervals with stormi-  In this changeable weather regime, September was charac-
ness periods when soil was more vulnerable to tillage anderized by very stormy periods, in different areas of Mediter-
post-tillage erosion periods (between the end August to Deranean lands (Diodato and Bellocchi, 2009b), thus indicat-
cember). Hydrological shifts are known to occur because cli-ing a shift towards autumn of some conditions of summer
mate changes and meteorological and environmental controlslediterranean climate (M#in et al., 2005).

Nat. Hazards Earth Syst. Sci., 9, 1693982 2009 www.nat-hazards-earth-syst-sci.net/9/1693/2009/
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3.4 Model performance ing the amount of exported sediment, which was involved
in NER-model calibration. Temporal trends can be consid-
The simulation of soil detachment and transport was coupleered, however, a good indicator of the scenario. On the other
with the surface runoff modelling, following a reconciling hand, the average quantity of gross eroded soil here obtained
approach from Foster etal. (1977) and Thornes (1990). Gully73 Mg ha ! peryear) was similar to that predicted by an
erosion processes were not explicitly simulated in our modeladapted PISA model in SRB (90 Mg haper year) (Bazzoffi
and the vegetation cover was considered variable among thgnd Van Rompaey, 2003) and to that predicted by RUSLE
months but constant over the years. The coefficients ofpproach in the Tusciano river basin (57 Mghaer year),
Egs. (2), (4), (5), (6) and (7) were optimized by a calibra- a sub-basin of the SRB (Ducci et al., 2007). Further-
tion process against the respective monthly values by using gore, field experiments showed soil losses of 100 Mgtha
solver to minimize the square error of estimation. in one year of erosion (1981) in Piedmont vineyards (Tro-
For net erosion calibration model of the Eq. (2), the solverpeano, 1983), 130 Mg ha per event with frequency of about
system for Calore River Basin was run also at different time-6-year period in the central Italy (Bazzoffi et al., 1997),
aggregation scales, monthly plus seasonal (Fig. 6a, b), aneind up to 54-88 Mg hd peryear in southeast Spain (Poe-
annual (figure not shown). Determination coefficients weresen et al., 1997b). Also in more recent experiments, the
very high ¢ from 0.94 to 0.98). On monthly and seasonal mean annual erosion rates were included in the range 65—
aggregation scales, the respective erosion box-and-Whisker16 Mg ha® per year, in the Comunelli catchment reservoir
plots (in a and k) showed that the actual distribution was (Sicily island) (Onori et al., 2006) and in Yatagan (Western
similar to the simulated one. Turkey) basin that is characterized by intensive agricultural
For monthly rainfall erosivity, runoff, and precipitation of activities (Sag et al., 2007). Also long-term SDR value, used
Egs. (6), (7) and (8), respectively, the solver system waso convert net to gross erosion, was coherent with those re-
run to obtain averaged variables over Sele River Basin withferred in the European Communities Report on Soil Erosion
very good approximation (Fig. 7). Efficiency measures, de-Risk Assessment in Italy (Van Rompaey et al., 2003).
rived from Nash and Sutcliffe (1970) algorithm, were also  Therefore, a mean rate included in a 95th confidence in-
in agreement with the very low mean square error to the obterval of 53-93 Mg hal peryear predicted by CIiIFEM ap-
served variance, with values equal to 0.93, 0.90 and 0.94proach was considered a good estimation.
respectively for the three variables. Considering that the months following soil tillage (from
August to November) are the most hazardous for soil ero-
sion in SRB, all the agro-environmental measures aimed
to reduce soil erodibility and to increase soil cover, such
The most used models in soil erosion simulation don't in- 25 conservative S.O" tilage and perennial cover crops
clude all the important soil erosion processes occurring in" orchards and vm.eyards, have to be .strengthe.ned and
Mediterranean environments such as gully and stream erogpread. The effec.tweness (.Jf conseryatlve cropping sys-
sion (Poesen and Hooke, 1997). This is especially truetems was also confirmed by field experiments made nearby
because usually there are few available data about lan
cover and land-use variations, hydrological features, sedi-
ment delivery ratio, channel erosion processes. Also th
new model proposed in this work suffers of this weakness.
The reconstructed series of erosion values for Sele Rive
Basin are considered a sufficiently homogeneous sequenc
but the limit of our approach is the uncertainty in estimat-

4 Conclusions

SRB, in which soil cover with wheat crop residues al-
owed an almost complete reduction of erosion in com-
arison with tilled soil (2.291 Mgha y—1), showing soil
osses (0.015 Mg ha y—1) not different from the permanent
pweadow (0.004 Mg hd y—1) as a consequence of an intense
ain event (Maximum Intensity = 32.4 mnth) recorded on
'August (Fagnano et al., 2000).
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