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ABSTRACT: D IO DATO N. & Russo F., II gl'Oslt,lislic approach to tbe
mappillg 01rainstorm bozardin tbe Sonnio district 01 tbe Campl1nia Apcn­
nines (Soutbcm IlIIly) . (IT ISSN 039 1·9838 , 2003 ).

In this not e we maint ain that the frequ ent rainstorms in the Sannio
d istr ict. Campania . Italy, are to all intent s and pu rposes mo rph ogenetic
agen ts. Fro m a documentary survey we have carried ou t it is evident that
th is kind of meteo rological event grea tly influences the lithological , forest
an d anthropic clemen ts of the landscape . often prod ucing non- rever sible
chang,..'S to the genera l ph ysiographic o rder . Besides di rect and docum en ­
tal)' observations , the effects of rainstorm erosi on on the landscape are
also clearly cited in the speci fic lircrarurc.

\Y.'e used i t geosnuistic approach to sur"cy the spatial variabilit y of
rainstor m days occu rring in the Sannio di st rict (Province of Benevento)
and in the sur rounding area fro m 198 1 to 1999. The data have enabled us
to dra w up a map aimed at ide ntifying areas ch aracterised hy recu rren t
rainstorm events.

Th c rcclm iquc s applied to elaborate the dat a are those typica lly used
in geosnuistic surveying . Firs tly. we be gan with a str uctural su rvey with
ca lculation of semivariancc. A mathematical model was adapted. then a
test of cross valida tion was ap plied to the obtained data. Finally, we used
the punct ual ordinal)' Kriging ;ISa technique of linear interpolation of the
data. All the data were elaborated using ;...IS Windows-com patihle soft­
ware availableon rhc Internet.

The result oh tained is a map of d istr ihut ion of the freqllellcy of rain­
sto rm tb ys in the S,lIlnio d ist rict and sur round ing areas. As regards spe ­
cifically eros i\·c effccts. we can ded uce fm m the map that the afC;lS char­
aClerised by the high recurre nce of da ys with \'iok'm downpou rs arc po ·
lentiall). those whe rc hydrogeologic instah ilit)· is or will he par ticu larly
marked . with subseq lll'nt negath'e socio -eco nomic co nseq uelll'l'S and
dam age to the landsCllpc. In this way, the phenmn enon of violem min­
storm days l1. lI1stitutes a significant itcm in em·ironmemal risk.
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In qu esta nota si anribuiscc al fenomcno del l111bi fntgi, chc colpis co­
no con di screte frcq uen za il Sannio bcncvcnrano , iI ruoIo di agcn ti
mor fogenetici. O hre chc dallc osscrvaaioni dirctrc c documentaristichc,
l'cffcu o in ter mini d i erosio nc dc i nubifragi sui paesaggio Cacce rtaro am­
piamente anchc dall a [cn crutur a spccifica. Infau i, dall'analisi documcnta ­
risrica effeuuara si rilcva che ques ro tipo di evenn mcrcorici irnpaua
profondamcntc Sligh elcmcnti litologici. ugro-forcsral i ed antropici chc
canu tcriaxano q nesto territor io, dcterminando spcsso mo diflch e irrcvcrsi­
b ili aI suo asscuo fisiografico gcncralc.

In q ucsro anicolo Cstahl csuminata con ap p roccio gcosta tistico la sc­
ric dc i nubif ragi occorsi ucl Sunnio bcncvcnt ano ed arcc immcdiatament c
limit rofe nel pcr iodo 1981·1999; l'esrrcma \'ariabilita spaxialc dc i dat i ha
consentito U1111 c ppor runa rnuppatura fiualizzata alia ind ividuazion c d i
arcc curatterizzate da d iver sa rico rrenza del fcnomcno.

Lc tccnich c usate per l'claborazio ne dci dat i SO Il O quclle classichc
dc ll'analisi gcos unisrica : si C procedur e pe r prima ros a all'analisi srruttu­
rail' con calcolc della semivariunza; un modcllo marcnuuico C state ador ­
tate, poi , ai dati oucnuti sui qual i Cstatu applicate un tes t di CTOn oelida­
tion, infine si e usaro il Kriging puntualc crdina rio collie tccni ca di inter­
polazionc linenrc dci dat i. Nel lore complcsso i dati sonn srari clab orati
urilizzando prnccd urelril'llJly per PC-W ind ows disponihili in retc.

II risuhato Ollenuto C IIIl ,l carta della d istr ih llziolle c frequ enza dci
nubi fragi nel Sanllio helle\,cn tano ed arcc limitro fe. Co n riguardo ai soli
cffe ll i erosionali, da questa mappa si dcduce che Ie arce caratte rizzate da
ck'va la ricorrcnza dci nubirragi sono pOlenzialmentc queUe do\'e pili
marcato e 0 su a il d isscsto idrogeologico , con ricadute anchc suI piano
socio-ccnnomico ed agro -fon,.'Stale. In tal sensu il feno llleno Ilubifragi si
connot a comc elemento d i perico!osita che puo incide re anche in ter mini
d i rischio amh iclltalc.

TEH.,\1IN I C I I IAVE: Geostat istica. Perico losita da nuhi fragi, Cartowafi,1
della Pericolosita, Erosion e del suolo , Provincia Ji BcnC\'l'lllo.

INTRODUCTI ON

Among the phenomena that model the Ap ennine land·
scape in a catast rophic way are undoubteJly the rain­
storms. Th is is d ue to their particula r characteristics:
hydro -meteoro logical events in the form of violent down-
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pours that occu r in a landscape already heavily modelled
by human activity and which determine various types of
instability. The rainstorm , therefore, is not only a mctcoro ­
logical phenomenon, but a markedly more complex event.
It includes various facto rs which work together, such as
local geomorphology, vegetation cover, agricultural prac­
tices, man -made infrastru ctures present in the area, etc.

Among the effects produced by a rainstorm are the
mob ilisation of soil and the relative loss of functionality of
the productive agricultural system. In this regard , the oc­
currence of a rainstorm in a parti cular geographical area
means the re is thc real possibility of instability or degrada­
tion of environmental cond itions typical of the area and
therefore without doubt represents ;;1 hazard.

Due to its gco-cnvironmcntal characteristics the San­
nio distr ict (Province of Benevento) has always regu larly
expe rienced the inauspicious effects of violent stor ms
hat h in terms of dam age to man -made structu res :'1I1d soil
eros ion (the area's fert ile soils are ~111 important produc­
tive resou rce for the region). As regards this last aspect it
is import ant to conside r tha t in the area , since the end of
World War II , there has been a simplification in the
structu ral pattern of the countryside , d ue both to the re­
d uction in hedgerows and bushes and to the indiscrim i­
nate lise of agric ultura l mechanization and chemical fertil­
isers and pesticides. Th is is the latest phase of a long peri­
od of historical transform ation liy man of the agric ultural
and forest landscape of the Sannio area (Dioda to, 1999al.
Even though the problem of environmental degradation
has recently been put down to non -local factor s, such as
climatic variations (O rtolani & Pagliuca, 1994), soil losses
variable from 20 to 40 t ha", with exceptions beyond 100
t ha" , occu rring due to erosion associated with storms,
with a frequency of every 2 or 3 years, have been regularly
estimated in Europe (Morgan, 1995). In Italy, extreme
rain fall events able to transpor t large amounts of sedi­
ments in worked soils occ ur commonly (Chisci & alii,
1990; Bazzoffi & tllii, 1997; Diodato, 1999b ). It appears
evident that violent rainstor ms arc an environmental haz­
ard and inevitably rep resent risks in the areas affected by
these phenomena .

Thi s note attempts to extend the study, geostatisrically,
of the incidence of rainstorms in the Sannio urea of the
Campania Apen nines. \Vle illustrate our methodological
approach to the problem of analysis and cartographic rep­
resent ation of data that testify to what is a rapid environ­
mental evolution of the landscape.

TH E STUDY AREA

T he area of Sannio, which approximately coincides
with the admini st rative boundaries of the Provin ce of Ben ­
evento (fig. I) , is located , in southern Italy, in the internal
part of the Campania Apennines. It is mainly hilly with
wide valley bottoms, hut with few mou ntainous zones. It is
not open to the sea hut has a Mediterranean climate with
cont inenta l tende ncy, typical of the internal Apcnnine ere ­
as. Large rivers cross the region (Cnlorc, Fortorc, Sabato,
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FI(;. I - Location of the Sannio d ist rict of Benevento (grey area) in
Southern Italy.

Tammaro} with numero us trib utari es, which cut through
~1Il essentially clayey landscape, It is d ue to these geograph ­
ic charucrcristics that this region , due to the lithological
complexity of outcropping sediments and its high seismic ­
ity, is characterised h), hydrogeological instability. This is
widespread and often extensive, and negatively influences ,
in terms of conservation and soil management, the local
socio-economic situation. The local economy is composed
of agricultura l activities with development of seed nurser ­
ics and highly productive specia lised crops (eg. fruit , vine
and olives). Fu rthermore , deforestation and intensive hu ­
man activity have made the area particularly fragile, pro ne
to accelerated morphogenetic pro cesses, which result in
widespread and high impact erosive phenomena (Diodato,
1999b; De Paola & Diodato, I999).

In the north-western sector of the study area (<< Fortori·
na» area), for example, wood land has grad ually been re­
placed by herbaceous crops, leaving uncultivated those
areas where soil and morphological conditions were not
suitable for working (Leone & Sommer, 1996),

METHODO LO G Y AND DATA ANA LYSIS

In recent years we have observed that the greatest po ­
tential instabil ity of the agro-ecosystems in the Sannio area
occur during intensive rainfa ll events. This instability is
shown by the triggering of erosive processes which worsen
unstab le local situat ions, often already critica l, det ermi ned
by hum an intervention and by the geomorphological cha r­
acter istics of the area. The sp ring-summer periods are
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in points where data is not available. This means that it is
necessary to study and character ise the most relevant vari­
ables, selec t th em carefully and chose the most appropri­
ate estimation pro cedure.

Geostatistical ana!)'J/:"

Th e total number of rainstorm s (NU) occurring in the
period 1981-1999 was elaborated with geos tatistical tech­
niqu es (Bruno & Raspa , 1994 ; Castrignano & Stelluti,
2001) with the aim of estimating their spatial variability
and of producing maps of interpolation . Th e procedure
essentially consists of the followin g th ree pha ses:

a) Structural ([nal)'J/:" with: (1) calculation of the ex peri­
mental scmiuariancc fo r the chose n variable; (2) adap­
tat ion of one of the math ematical models allowed by
the semiuariancc values previou sly calculated;

b) Assessment of the reliabilit y of the procedu re by means
of a cross-validation test;

c) Usc of a technique of linear interpolation like «Krig­
ing».

In analysis of spatial data, and parti cularly in climatic­
environmental dat a. it often happens that the values ob­
served in some zones of the area have a grea t variability
compared to values in othe r areas. Therefore the hypothe­
sis of homogeneity of the variance was assessed by testing
the coefficient of correlation (with respect to the hypothesis
of correlation zero with the student test] between the mean
and the variance calculated within each of the 4 x 4 mobile
wind ows, obtaining an insignificant relation- between them
of 95 % . Thi s allows us immediately to assume the basic
geostatistical hypoth esis of intrinsic stationa riness.

Ano ther concept of classic geost atistics is the assump­
tion of spatial continuity, which says that it is plausible
that samples closer togeth er are mo re similar tha n more
distant samples. Among the various statistical techniques
that tran slate into formal term s and , therefore, to qu antify
the degree of «similarity» between the samp les. the re is
the so-called scmiuariance.

The values of semiuariance y(h) were calculated on the
couples of values separated by all the possible distan ces h
according to the exp ression:

where n(h ) represent s the number of couples of samples
separated by the distance b ; Z(xi ) , the observed value of
the sto rm variab le (N U) in station Xi and Z(x,+h) the value
of the same variable in the stat ion separated by Xi of the
distan ce vecto r h.

Th e semioariance values in fun ction of h (or scmivario­
gram) can be useful to indicate the nature of the intri nsic
spa tial variability of the samples: if the variability is com­
pletely random , so the values of semivariancc arc app roxi­
mately constant for any value of h. On the o the r hand , if
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those in which these events systematically occ ur, with a
duration varying from several minutes to a few hours. Th e
rainstorms strike [rom time to time different localities
with eros ive effects being most evide nt in areas where
there are torrent s and in agr icultural areas. Th ey can re­
sult in the total removal of the soil layer (storm of 29 May
1999) or instability ph enomena such as land slips and
slides (storms of 8 and 29 Jul y 1999). Wh en there is a hail­
storm (rain storm s of 14 May and 8 june 2000 and May
2001) the ene rgy in play is even higher, to the point that
the seasonal landscap e is devastatin gly modified. T here is
formation of erosion rills and channels that cut the slopes,
Oattenin g of crops, defoliation of trees, dest ruction of or­
chards and vines.

Although there are rarely rainstorms in winter, they
have become more common in the area and with wider­
ranging effects than in the past. In fact, after the rainstorm
of 13 November 1997 a State of Natural Calamity was de­
d ared [or the whole Pro vince of Benevento and surro und­
ing areas.

Spatial sam!:.'ing, aml gcorcfcrcncing, system

All the administra tive distri cts were exa mined. Thi s
coincides with most of the muni cipal districts of the Prov­
ince of Benevent o and neighb ouri ng Provinces affected hy
the rainstorm s in the period 198 1-1999 (Archives of the
Inspectorate of Agriculture of Benevento, STAPA - Cepi­
ca, Campania Region). The data relative to 80 sampled dis­
tricts were geo referenced in plane co-ordinates according
to the UTM 33N referencing system and , as can be expec t­
ed, the distribution of sampled poi nts, in agreement with
Sharov (I996), is rand om (fig. 2).

Ana lysis of the data examined and their mapping were
not simple, given the extreme spatial variabi lity of the rain ­
sto rms. Production of the maps involves estimating values

FIG. 2 - Representa tion of the area of data covcmge with ind ication of
samplings (point s) and adm inistrat ive bo undaries of the San nio d istr ict.
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the hypothesis of spat ial continuity is plausible, these val­
ues inc rease with increasing distance of separation h to the
point of reachin g an approximately constant value.

For a qu antitative description of spatial variabi lity and
for interpolation it is necessary to adapt one of the author­
ised mathematical models to the sern ivariogram, chosen
between the positive semi-definite function s which assure
that the varian ces of each linear combinat ion of functions
is not nega tive. T he adaptat ion of the fun ction is based on
a regression weighted according to the min imum sq uares
criterium of optimisation. In our case we used the expo­
nential mod el given by the function:

where a. Coand C1 arc parameters of the model known, re­
spectively, as «Range», «Nugget» and st ruc tu ral cocffi­
cient: the latt er summed with the «Nuggc/» by the «Sill»
(Co+C,) _Th e physical int erpretation of these parameters is
that the Rauge represents the d istance beyond which the
variability of the samples is comp letely random; the N ugge/
is an estimate of the varian ce tha t in part can be att ributed
to heterogeneity at a scale smaller than the sampling inter ­
val and in pa rt to measu rement error; C1 is a non -null pa­
rame ter on ly if the variability is not rand om and the Sill is
theo retically equal to the tota l sampling variance.

In order to verify the suitability of ad aptation of the
pre-selected model a pro cedure of cross-ualidauon was car­
ried ou t. Thi s consists in a recursive process in which at
each phase one observa tion at a time is eliminated and esti­
mated using the remaining samp les. T he estima ted value
and the observed value are com pared , and the d ifference
constitutes the expe rimental error. T he whole of their val­
ucs can be analysed acco rd ing to three statistics: 1) the
arithmetic mean of the experimenta l error (AMEE), 2 ) the
mean squared erro r (MSE ), 3) the mean standard ised
squared error (MSSE). The values of AMEE should be
close to a (absen ce of systematic erro r), like those of MSE ,
wherea s those of MSSE should be close to unity. In [ormu­
1:1 the three statistics <I re given by:

1 N

AMEE = - L [Z(x,)- Z·(x,)]
N 1. 1

I N [ rMSE = - L Z(x,)- Z'(x')
N ,.,

MSSE =~ t {[Z(x,)- Z· (x,) ]}'
N ,., a..(x,)

measured , and a,tJx,) is the standard deviation of Kriging
in point X,.

Th e final ph ase of the geo sratistical approach is the in­
terpolation of the values of NU accord ing to a prefixed

-grid, using ordinary point Kriging, which uses the semivar­
iogram models and the measurements of NU to estimate
values in points where there arc no observations. The in­
terpolated data, indicated with Z (Xo), are obtained from
the linear expression:

.v
Z(xo)=L A,Z(X,),.,

in which N represents the number of points measured x/
used for interpolation in point Xo; Z (x / ) the measured val­
ues of NU in poi nts x / ; A, the weighting factors that de­
pend on the semivariogram model adapted and on the rel­
ative positions of the observation point s.

Th c Kriging uses the results from the previous structu­
ral analysis. relative to the characte ristics of continuity of
the measu red variable, plus the informatio n on the geome­
try of the surro und ings used for the interpolation . In
sho rt, Kriging represents <In improvement compared with
traditional linear interpolators, becau se it takes spatial
structure into account and considers the effective redu n­
da ncy of data (spatial autocorrela tion) so reducing the esti­
mation error. In addi tion it gives. besides the estimated
value, an important propert y, also its variance, which can
be assum ed , in the case of a G aussian d istribution, as an
indication of its reliabi lity.

Da/a elaboration

T he classic sta tistical analysis and geos tatistical analy­
sis were carried out using lvlS \XlinJows-com patible soft­
ware, as Esri -Arcview, and other available on the Internet
(hn p:/ / U 7.204.60,11Q of the Didacti c Laboratory of the
University of Bologna and www.usyd.cd u.au/ su /a ..ric/
acpa/ vesper/vespc r.html of ACPA - Aus tralian Centre for
Precision Agricultu re) .

T he sampling distr ibut ion of the values of N U has a
slecioness coefficient (tab . I) close to zero , so it can he
assumed to be sufficiently symmetrical, hut gives a shape
param eter Ueurtosis) which is qu ite far fro m normality. T he
statistical parameters calculated show, furthermore, the
ext reme spatial variability of NU . The non-normality of
the sample (with a bim od al d ist ribu tion , (fig. 3) th erefore
mean s that the Kriging variance is not appropriate as a
measu remen t of erro r, even if the process of estimation fo r
the produ ction of the map is still valid IZucca & alii, 1999 ).

T"n LE I . Sraristical values (If NU on the original da te

where N is the nu mber of points measured , Z (x ,.) is the val­
ue measured in po int x, Z··(x ,) is the estimated value in the
same point Xi' obtained using the rema ining N - 1 values
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FIG. 3 - Frequency d istribut ion of the rainstor ms.
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An isotrop ic semivariograrn was calculated, conside r­
ing only the modules of the distance between the ob serva­
tions. This because the limited number of observations, to­
get he r with thei r irregu lar distribution, d id no t allow a re­
liable ver ification orpossible anisorropics. In this regard it
is worth remembering that several authors (Chua & Bras,
1980) believe th at the meteorological structu re of a rain­
sto rm is not isotropic. However, <15, in th is particular case,
the phenomena were aggregated over a long period (19
years), one expects less spatial variab ility with respect to
the indiv idual even t. The hypot hesis of isotropy therefore
seems plausib le, even thoug h it cannot be expec ted that
the sampling adopted is able to give a high level of preci-

sion on short-lasting phenom ena (for example on ..10 hour ­
ly or daily basis).

A mathcmarical model was therefore adapted to the
experimenta l sernivariogram. Th e model's reliab ility was
verifi ed accord ing to the Akaike criterium (Akaike Infor­
mation Criteria) implemented in the VESPER (IIariogrom
HJti/llatioll a/1(/ Spatial Prediction with Error) software pro­
gram develop ed by ACPi\ . The semivariogram of NU was
calculated at interva ls (log) of 2.5 km , which assured the
presence of a sufficient number of pairs of ex perimental
points for each lag class. This calculation was extended to
a maximum distance of 35 kill, co rrespond ing approxi­
mately to half the maximum size of the study area (fig. 4 ).

An ex ponential model was ada pted to the experi menta l
semivariogram, Its parameters are: Nugget := 0.0; Range =
3.6 Km e Sill = 15.6 (y ').

T he semivariogram of figure 4 is well structu red , which
indicates a sufficient degree of cont inuity of the variable
NU also at d istances of a few kilomet res. Furthermore, the
value of Range is compa tible with the range « 6 krn) of
the area affected by ph enomena which have a local origin
and evolution, specifically those thermo convectivc cells
harbingers of the violent rainstorm s object of this study.
This agrees with the characteristics of the Kriging, which is
essentially a local int erp olator , as it is the samplings closest
to the point of int erest that have the greatest influ ence on
est imatio n and variance .

The cross-ualidation was a good adaptation of the mod­
el of variogram chosen, because the AMEE (- 0.07) and
MSSE (1.06) errors were sufficiently close to 1 and 0, re­
spec tively.

Thc model of variogram previously descr ibed was
therefore used in the following ph ase of interpolation with
the ordinary Kriging , so allowing production of th e map
(fig. 5) of estimation of the nu mber of rainstor ms (NU) .
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FIG. 4 - Experimen tal (point s) and theo retical (curve) semiva riogrnm
relative to the variable N U.

From thc map of figure 5 we can identify the areas
where sto rms are more common and witho ut doubt these
are areas that potentially experience storm-related erosion
and/or damage. From a strictly geomorphological po int of
view it seems evident tha t particularly in these areas there
is a higher poten tial pred isposition to erosive processes
and especially to those processes associa ted with rainfall
impact and diffuse or concent rated rilling. Therefore, they
are areas with an accelera ted evolutive dynamics of the
landscape, pa rticularly in areas charac ter ised by agr icultu ­
ral or forestry practices.

Thi s interpretation of the dat a also indicates a clear
state of hazard (SeI1W Russo & Valletta , 1993) for these ar­
eas which ex ists at specific seasonal time intervals, consid ­
er ing the part icular meteoro logical phe nomenon stud ied.
In fact , given the origin of the data (Archives of the In­
specto rate of Agricultu re of Beneven to , STA PA - Ccpica,
Campania Region) and our II priori analysis of the data we
can see tha t the rainstorms studied have effectively had a
significant local impact in term s of widespread soil cro-
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FIr.. 5 - Map of the estimate o f number of rainstorms (NUl occ urr ing in
the period 198 1·1999 in the Sannio di stri ct and surround ing areas (the

basic map shows o nly the municipal bounda ries).

sia n, together with damage of varying en tities to man ­
made str uctu res and infrastru ctu res. In th is regard, the re is
a clear situation of enviro nmental risk iscnsn Russo & Val­
Ictta , 1993 ) in the San nio area , which is the dist rict most
frequently struck by this violent phenomenon.

Furthermo re. fro m a preliminary comparison of the
map of fig, 5 with other maps in the literature, conside ring
the main gcoenvironmcn tal features of the study area Ivcg­
etation map, geological map . soil map, ctc.), we can sec
that the areas most affected by violent rainstorms are also
characterised by lithologies particularly pro ne to eros ion
(arcnaceous-nrgillnccous-rn arly formation s) or by agricul­
tur al practices that arc precarious or unsuitable, However,
this is something which still needs to be investigated, so as
to relate the number and frequ ency of rainstorms, identi ­
fied with this research, to geoenvironmcntu l characteristics
of the study area, thereby illustrating the possible conse­
quences in term s of hazard and environ menta l risk.

Fin ally, still fru m examination of the map in fig_ 5, it is
possible to obhlin, even if indirectly thanks to the geosta·
tist ical an:.t lysis, useful information on the occurrence of
storms above all for those areas where there are no instru·
ment al J .Ha or di rect observa tions. It can happen that ,
during a r<1instorm thc most violcm rain to rrents might es­
cape detect ion du e to the sparse density of gauges, with re­
spec t to the variab ility of the phenomenon and its highly
localised chamcter. Thi s mapp ing technique therefo re ena­
bles us to exte nd considerations of hazard and environ­
ment al risk to areas uncovered by direct observat ions .
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