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Climatic data were examined fo r so me ten weat her record ing
stations, in or der to verify the presence of favorab le cond ition s for pre­
serving spo radic 11100111l ain permafros t in th e Maiclla Massif (Ccutral
Apcnniucs. Ttalyl.

The anal yzed data refer to th e t ime-span 1965- 1990; they have been
gathered for recording Stillions located at altitudes ranging from sea level
(Pescaral to ove r 2 100 III a.s.l. (Campo lmpcratorc, Gran S,ISSO Massif).

The mean an nual average tempera tur es were ca. 6-7 °C in the higher
areas; the seasonal means fanged from _4 °C in wime r to 12 °C in sum­
Iller. Average thermal gradien ts vary from 0.4 °C/ 100 m in january to 0.7
°C/ IOO III in Jul y, with an an nual aver age of 0.57 °C/ IOO m . Based upon
these data. the ahirudc of the 0 °C isot herm in free air in the 1\I:lid la
Massif is en. 2500 rn. whilst the _2°C isnrhcrr n, which can be used as the
100\'er climatic limit for the presence of perm afrost . should he located
slightlyover 2750 m a.s.l., o n average.

TIle p recipitation reg ime genera lly has sub-Med iterranean fea tures .
which arc progressively mor e evident moving from the Ad riatic 10 the
Tyrrhenian side. It show s a maximum in lare autum n or winter and a
minimu m in slimmer. locally associated with a seconda ry maximum in
late spring. Annual p recipitation ranges around 1200-1400 rnm. both in
the high plains end on th e main mountain peaks.

Snow falls arc abnndaut, esp ecia lly along the eastern sides of th e
mountain groups. be cause of direct expos ition to Balcanic-Danubian
l.'OIJ curren ts. At 1000 m 'I.S.l. , generally 150 10 200 em of snow fall arc
recorded am i a snow lilankcr is p resent for ca. 70 da) '5. conce nlf;ued in
Ihe Nm'ember-t\pril period ; at Cd. 2()(x)m a.s.l. (Campo Imperatord . the
snow fall SUIllS up 10 -400l'm and 180·200 days of pe rsislen ce are record ·
ed fro m the end of O eloher 10 Ihe end of May.

Amll)·zing Ihe ahove silll:llinn, it is possible 10 infer thai Ihe genc ml
d imal ic fr:mK"\\'ork allows the pre sence of pe nnafrost only dose to the
lOp of the MilieJl:1 M'lssif. at ahiwdes exceeding 2750 m :1.s.1.

O n Ihe Olher hand , Ihe bOllOIll tempe ralUres of \\·illler snow cover
(fiTS) reo.m ll.'d in the Upper C lIlllell:1 Valley, where sun irmdiouiol1 is
parliml:lfly rc.,'(.Il1ced llIu l wind h lows \'ery encrgetiC:llly d uring the m id pe­
riod, demonstmte thai perm afrosl can exis l even at relatively low ah illldes
(al. 2-100 Il1 'l.S.U in part icu lar mor pho logic cond itions. TIlis emph asizl'S

( >i< ) [Jip(/rliN/ l'lIto di Sdel/zl' d£'lIa Ta m, Ullivl'rJilti di CaN/crillo.
(H) lJipllrtiN/mlo di Scil'1lZt' Ct'u/oF/ehe, Univl'rJilti "KoN/(1 '1'1"£'''.

the fact tha t micro -climatic cond itions arc insrrum cmal in the energy bel­
ancc o f the groun d, and rhcrefo rc in the p resence o f permafros t.

KEY \'\fOHns: Climati c cond itions , rvlicrodimat c, Permafrost, Maiclla
Massif, Cent ral Italy.

RI ASSUNTO: B ise l c., D RAMIS F., F,\ ZZINI M. & GUGLJEl.MI N i\l ,
Condiuoni dimoticbe e penna/rust spomdico I/el nuusiccio della A'I(/idla
(APl1eJ/ll fJm centrale, IM!ia). (IT ISSN 039 1-9838, 20(3 ).

S OIlO smri esaminat i i dat i dimatid rclativi ad una dc cina d i srazion i
mcrcorologichc per vcrificare [a presenza d i cond izion i [avorcvoli alia
con scrvaxionc di pallla/mst mon tane spo radico ncl massiccio della Me­
iclla IAppcnnino ce nt rale, Italial.

I da t i analizznti sono rclarivi al periodo 1965· 1990 c riguarduno stu­
xioni situate ad altitudin i comprcsc tra il livcllo del marc Il'cscara l cd
ohrc 2 100 m (Ca mpo lrnpcrato rc . Grall Sasso d'Iralia ).

Sugf altipian i piu clcvari. le tem per atu re medic annuc si aggiranc in­
tor no ai 6-7 °C; Ie medic sragionali vann o dai - 4 "C dcll'in vcm o ai 12 °C
dcll'es tate. I gradie nt! temic i mcd i variano invecc Ira ~I i 0.4 °C/ IOO m di
gcnnaio e gli0.7 °0 100 m d i luglio. con un a med ia annua di 0,57 "0 100
m. Seco ndo q uesti dati. si ricava chc, nel grup po della Maiclla. 1:1 q uot a
delle zero tcnn ico annuo nella libc ra atmosfera si aggira inror no ai 2500
III circa, mcm re l'iso rerma annua di - 2 "C. uuli zzabile co me limite clima ­
lieu infcriorc pe r la presenza di permofrost , dovrcbbe in med ia csscrc
loralizznta poco supra i 2750 m s.I.m.

II regime mercorico 1110Slra raraneri gcncralrncnrc sub-medit crranci,
scrnprc pill ncni procedendo dal vers an rc ad riat ico verso quello tirrcn ico,
con un massimo tarde au tunnale 0 invernale cd lin minimo estivo cui, a
luoghi. si assoc ia un scm m lo massimo tardo-pr imilveri le. I valori annui
delle preci pila zioni "ari ano intorno :li 1200 -1-400 mill , ta nlo negli altopia ­
n i qUilnlo sulle velie p rincipali.

Le p recipit azion i ne\'osc so no abbo nd:ullj spcc ie sui versallli orienta ·
Ii de i rilievi. a causa della di rell a esposizione aile fredde l'or remi halcani ·
co ·da nuhia ne. In media , alia quota tli 1000 mClr i cadono dai 150 ai 200
cm di neve. d le permane al suo lo pe r circa 70 giom i, nel pe riodo ll(wem ·
h rc-apri le, ll1en lre illlorno ai 2()(x) m (Campo Impefllio rd lali valo ri
salgono a 400 cm e 180·200 gio rn i d i persislenzil. concenlra li t ra fine ot·
lob re e fine maggio .

. Da ll'analisi della suddetta siluazione. si Pili) C<lIld lldcrc clle il quadro
c1imatico generale consen tirch be 101 p resem:a tli paN/lJ!rost anche a q uote
relal ivamente basse (inlo rno ai 2-100 m ), cvidc llzialll. lo q llimli come Ie
comlizio ni microd im:u iche local i si'lllo delrmina nti per iI bilancio ener­
Heticn del sllolo e per la rclat i\·a p resellZ;I di pt'm/(/!msl.

TER~I IN I 0 111\ \'E : Co nd izion i climilliche, J\ l icroc limil, Permafrosl.
Milssiccio della Maidla, Italia Ce ntrale.
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FOREWORD TH E MAIELLA MASSIF

This resear ch starts from the finding in the Maiella
Ma ssif (Cent ral Apennines, Ita ly), and particularly in the
Upper Ca nne lla Valley, of landforms which arc charac­
teri st ic of permafrost areas (Drarnis & Kora rba , 1992),
Among those, particularl y int eresting arc some rock gla­
ciers, and especially the on e located at an altit ude of ca.
2600 111 a.5.1. , which on the basis of its geomo rphologic
feat ures (stee p front, notew o rthy inflation , irreg ular pat­
tern, erc.) seems to have not been inactivated by the cli­
matic amelioration char ac te rizing the last period (Dramis
& Kotarba, 1992 , 1994) .

W ith these information in mind an d takin g into ac­
count the relevan ce of cl imatic parameters in the study
of permafrost di stribu tion (C hen g G uo do ng & D ram is,
1992), systema tic climatic ana lyses of the main mo unt ain
groups in the Centra l Apennines (Sibillini Mts., Laga Mts.,
G ran Sasso, Maiella and Vdina massifs) were started, in
order to det ermin e the areal distribution of conditions
favor ing permafrost conservation.

Thi s pap er repo rts the first results of researches carried
ou t on the Mai ello Ma ssif (and, namely, in th e Upper Can­
nella Valley), giving a prelimi nary illustration of climatic
conditions and thus furni shing indications on the chances
of permafrost conserv ation at high altitudes. Measure­
ment s of bottom temp erature of the winter snow cover
(BTS), carried out on some of the rock glaciers recognized
there, gave furth er confirmation of the possible presence
of patches of sporadic permafrost. This sho uld be the
southernmost ever discovered in Europe (latitude slightly
higber than 42 " N ).

Th e Maiel la Massif is located in the Ce ntral Ap ennines,
some 35-40 km from the Adriatic shoreline, just to the
north of the 42" parallel (fig. 1). It reaches its max imu m al­
titude at Mt. Amaro (2793 In a.s.l.) and appears as a wide
and slightly und ulated summit surface having an average
elevation of ca. 2500 m a.s.l., with many minor reliefs
show ing relatively gentle morphology.

The landscape is modell ed over Paleogene limestone,
folded following a wide-radius anticline and densely dis­
sected by faults. Th e bedrock is strongly karstificd; as a
consequence, streams are extremely rare, spr ings are lack­
ing and vegetation cover is very poor. Ge nerally, south­
facing valley slopes are less steep than nor th-facing ones,
the latter being often characterized by the presence of
scarps and rockwalls, Mora ine deposits, produced during
the cold \X!i.i rm phases, arc scarce, whilst much more
abundant are coarse-grained slope deposits.

Not withstandin g the relatively high precipitation, be­
cause of the high permeability of the bedrock this environ­
ment is typical of a cold mountain desert (Whitehead,
1951 ), as d earl y testified by the almost tot al lack of vegeta­
tion. Th is favors debris production by cryodastic processes,
gravitational movements, avalanches and eolian deflation .

C LIMATIC FEATURES OF THE MAIELLA MASSIF

The climate of the Maiella Massif depend s, among
other thin gs, on some major geographic factors , such as
latitude, elevation, aspect and distance from the sea.

FIG. 1 Location of the study
area, dep icted through the usc of
a shadow n-licf map fo llowing the
UTM32 projection. Black squares
indica te weather recordi ng sta­
tions, whilst tria ngles ind icate

major peaks .
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The rat her low latitude (slightly higher than 42° N; i.e.
more or less the same as Rome) sugges ts that Mediterrane­
an influ en ces sho uld be relevant , both for temperature and
precipitation . Anyhow, it has to be taken into account that
the Ad riatic side of the Italian peninsu la has a more conti­
nental climate than the Tyrrhenian side . This impli es cold ­
er winte rs, slightly warme r summers and precipitation
wh ich is less and with reduced seasonal diffe rences (nisei
& alii, 2001; in press).

Alti tude plays an op pos ite role, so mu ch moderatin g
the Mediterranean featu res that locally average wint er
temperatures arc similar to tho se reco rde d along the ltal­
ian Alps at the same elevation .

Asp ect locally contr ibutes to mak e climati c conditions
even more seve re. Along north- and east-facing slopes,
which are mo re exposed to cold continen tal wind, micro­
climates may be present that allow the activity of phenom­
ena that are uncommon at suc h latitudes, In the neighbour
G ran Sasso Massif, thi s is clearl y testified by the presence
of the sma ll debris-covered Calderone glacie r (Smiraglia &
Veggetti , 1992 ).

Fo r the climat ic analyses, therm al, pluviom etri c and
nivornetri c dat a from 8 sites (Servizio Id rografico , 1965 ­
1990) refe rring to the time-sp an 1965-1990 were taken in­
to acco unt (tab . 1); 5 wea the r stations were selec ted in
suc h a way to be more or less aligned perpendi cula rly to
the mountain belt , i.e. about ENE·WSW (fig. I) . The re·
co rding station of Pescara was added to have information
on the climate at sea level. Data recor ded in the neighbo r­
ing G ran Sasso area we re taken into acco unt too, given to
the lack of stations located at more than 150 0 III u.s.l. T his
second massif trends ca. E-W and is located ca. 40 km to
the north of the Maiella Massif, at a comparable distance
from the sea. Th ere, the Ca mpo Impcruto rc recording sta­
tion , which was the highest in Cent ral Apennin es (2 124 m
a.s.l.), was active (up to 1987) at the north -western end of
the hom on ymous valley.

Th e thermal records (tab. 2) show that in the area an ­
nu al average temperatures vary from 15.0 °C at low alti ­
tude (Pcsca ra, 2 m a.s.l .) to 8.3 °C at in termedi ate altitude
(Passe Lan ciano, 1470 m): in the G ran Sasso Massif, thi s
value de creases to 3.2 °C (Campo Imperato re, 2 124 m). In
January, at the above stations, avera ge temperat ures rc ­
spectivcly are , respectively, 6.3 "C, 0.5 "C and - 3 .6 "C,

TABLE 1 - Geographic features of the investigated meteorological stations

Sire Latitude l.ongimde Elco.uton (iii) Aspect

Pcscars .420 28 ' I I " N 140 n ' 4'Y' E 2 Slope NE
Lanciano 420 n : 35" N 14 0 23' 15" E 283 Ridge
Guardiagrc!e 420 1l ' 25" N 14 0 12' 50" E 577 Summit
S. [ llremi'l 42008' 25" N [4001 ' 30" E 872 Slope \X'S\\;'
Pas so LlIld ano 4r 12' 05" N [4006 ' 20" E 1470 Slo pe E

C,lI11 pll Imp cruro n- 420 26' 25" N 130 33' 25" E 2 135 Highland SE
Pier racnmela 42 0 31' 05" N 13032' 45" E 1000 Slope N E
t\ ssergi.Funivia 420 25' 25" N 13°}l ' J O" E IO·HJ Slop e SW

whilst in July their value are, res pec tively, 23 .4 °C, 16.9 °C
and 11.1 -c

Therefore, conditions vary (tab. 2) from a humid sub­
tropical climate (Cfa, following Koppen & Geiger, 1930),
along the coas tline and in the hilly area, to tha t of a marine
west coast one (Clh -Cfc) , at interme diate altitudes; then ,
over 1800 m, we have first a humid cont inental climate
with warm summers (DEb) and then a continen tal su barc­
tic h umid microthcrmal one (Did.

A more detailed analysis demonstrates that- in the
Maiella Massif the influen ce of the Ad riatic Sea is weak .
This is more eviden t in summe r, whe n even at interrnecli­
ate altitudes average temperatures are quite high ; in fact,
only over 700 m a.s. l, does the climate hecome of the Cf1)
type. Anyhow, at ca. 2000 m of altitude, maxim um values
are always moderate , seldo m exceeding 25 °C (when Afri­
can anti -cyclon es are p resent).

During winter, mostly <Jia ng eas tern slopes, Arctic or
con tinental Russian masses lower the temperature to val­
ues that , in the Mediterranean ba sin , arc unparalleled at
those latitudes, In sites particularly exposed to those cold
winds, at alt itudes of 1000 m eve ry yea r the temperature
decreases to _ 10 °C and fit ca. 2000 m cold is particu larly
seve re: in Ca mpo Irnp eratore, - 23°C were reco rd ed and
almost every year temperatures decrease to ca. - 20 "C.

Moreover , during the co ld semes ter, thermal inver sion s
in an ti-cyclonic conditions freq uently occ ur, in the inner
basins, in the high plateaux and in the glacial cirques close
to the highest peak s. As a co nsequence, the above rep or t­
cd values can locally bc even lower and particu larly severe
cond itions can persist for several days, T his, where the

TABLE 2 · Average temperatures and climatic types (Koppen & Geiger, 1930 and following) in the three stud ied stations

Janu ary Jul y Year
Site Average of Thermal Average of Th ermal Average of The rmal Annual Climatic

lllil X mill ave Amplitude max min ave Amplitude 1ll ,I X min ave Amp litude excursion type

Pcscara 10.2 2.7 6.3 7.5 28.2 18.6 23.4 9.6 195 10.5 15 9 18.1 Csa
Lanciano 9.5 3.3 6.4 6.2 28.5 18.3 23.4 10.2 18.9 lOA 14.6 85 17.0 Cf"
G uardiagrclc 7.2 2.7 5 45 26.7 18.6 22.7 8.1 16.7 10.4 13.6 6.3 17.7 Cfa
S. Eufemia 6.3 -0.6 2.9 6.9 25.7 \J .6 19.6 12.1 15.6 6.3 11 9.3 16.7 enl
·Pietracamela 6.7 -0.2 3.4 8.9 24.8 15.t 19.9 9.7 15.2 7.1 I\.2 8.1 16.6 enl
Asscrgi 5.4 - 1.9 \.8 7.3 24.9 12.6 t 8.8 12.3 14.7 5.4 10.1 9.3 20.6 enl
Passe Lanciano 3.8 - 2.8 05 6.6 22.2 1\.5 16.9 10.7 125 4. 1 8.3 8.2 t7.4 ere
Campo Impcratorc - t.2 - 5.8 - 3.5 4.6 . 13.9 8.3 tt.1 5.6 5.7 0.8 3.2 4.9 14.6 Dwh
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snow cover is thin or absent , causes a furth er conside rable
coo ling of soil.

Also ann ual thermal amplitudes testify to an almos t
sub-continental climate, ranging from 17 °C to 20 °C (in
Rom e we have 14 °C). Diurnal amplitudes are ob viously
higher in the inn er basins and along the valleys (S. Eufe­
rnia, 12.1 °C) th an on the mountains (Campo Impcrarorc,
6.4 °C ). During wint er , anyhow , the situa tion is invert ed :
thi s is pro bably du e to the above mentioned th ermal inver ­
sion phenomen a, which during the Jay mainta in the tem­
perature low in the valleys and on the plateau x.

An ave rage annual vertical therm al gradie nt of 0.59
°C/ IOOm (tab. 3) has been calculated using a linear inter ­
polation (fig, 2) that ob tained a very good statistica l score
(R' = 0.967). Following th is interpolation, the 0 °C and - 2
°C isotherm s, instrumental for the' analysis of permafrost
distrib ut ion , are located slightly over 2800 and sligh tly be­
low 3200 m a.s.l., respectively. Since in th e Cent ral Apeu -

nines the thermal grad ient oft en increases a little at higher
altitudes (Bisci & alii, 1989; Fazzin i, 1997), a second orde r
interpolatin g curve ha s been calculated (fig, 2); the opti ­
mal sco re ob tained (R1 = 0,988) suppo rts th is hypoth esis.
Using this inte rpo lation, th e above mentioned isoth erms
arelocated at considerably lower altitudes: ca. 2500 and
slightly over 275 0 m, respe ctively.

Mo reove r, therm al grad ients (tab. 3 and fig, 2) , whi ch
arc similar along both sides of the massif, are higher in
summer (0,6) than in winter (0.48). Th is emphasizes the
dominance of the Ad riatic influ ence on western slopes too ,
which are not exposed to the coldes t winds,

For the Gran Sasso Massif, the 0 °C has already been
calculated to lac located some 200 m helow the highest
pea k (Co mo Grande, 29 14 m a.s.l.), where an average an­
nual temperature of ca. - 1.6 °C has been hypothesized
(Fazzini & alii, 1999). This value is slightly lower than
those calculated by both Klebelsbe rg, for the time-span

Pes Lan
25 ",- - -

Gua Seu Pie~s Ra Cim

y= -2E-06x' -0.0025x+ 23.841
R' =0.9812

y= -0.0057x+ 16.106
R' =0.9672

~~-
, -~

y =-lE-06x -O.OO33x + 15.305
R' =0.9876

3500

I
V

tXXl500

°C

y =-O.OO48x+ 7.3073
R' =0.9616

51-- - -=":)--- - - - - - - - - - - --"':::....

FIG. 2 - Altitude/Temperature ratios in the study area. The three graphs represent the averag e temp eratures. from top to bott om. respectively of J uly
(triangles), o f the year (crosses) and of Ja nua ry (circles). The top line indi cates the elevation of the eight stations (Pes =Pescara. Leu = l.an cieno , G ua =
Guardiagrclc, Seu = S. Eufcmia. Pie = Pieuu camcla , Ass = Asscrgi, Pia = P. Lanciuno. Cim = Campo Impcratore). The formulas and R' values listed

on the left refer to linear inter polation s (thin line) . whilst the ones to the right refer to polynomial (2""' order) inte rpolatio n (thick line).

6



T ABLE ) Thermal grad ients in the t\ laid la and G ran Sasso massifs
(* = ex trapolated data): 0 °C isotherm = 2754 In a.s.l.: - 1 °C isotherm =

2925 rn: - 2 °C isotherm = 3084 In

Average rempenuure Thermal gradients

Site Elevation Yea r Jan .lilly , 1> Year j an July

Pc scara 2 15.2 7A 22.8

Lnnr inno 283 15.3 6.2 2J..t
Cuardiagrcle 577 13.6 5 22.7 294 0.37 0.5 0.39
S.ElIfemia 878 11 2.9 19.6 30 1 0.58 0048 0048
Piet racumc la lOOO 11.2 3A 20 122 0.66 0.(,2 0.74
Assc rg i 1O.JO 10.1 1.8 18.8
P ;lSSO l.anciano 1470 7.8 - 0.5 16.9 430 0.59 0.60 0.5
C lIl l ]J O hupcrator e 2139 3.2 - J .5 I Ll 669 0.62 0.42 0.5}

Mom e Ama ro'' 279 3 - 0.1 - 7.4 10.3 654

Co rno Crandc" 29 12 - 1.6 - 8.4 5.7 119

1930-1950, and O rtolani, 1940-1956 (bot h in Dcmaugcot ,
1965).

The Ad riatic side of Italy is known to he dryer than the
Tyrrhenian side (Bisci & alii, 2001; in press): this is evi­
dent also analyzing the precip itations in the study area.
There, major events generally derive, during intermediate
seasons, from Sirocco or western winds and , during win­
ter, from north -eastern winds. Th e latter , the most humid
period coinciding with the cold semeste r, often produce
heavy snowfalls both on the moun tains and along the
plains.

Th e dominant precipi tation regime is of sub-Apenninic
Adri atic type (Fazzini, 1997), with a late-autu mn maxi-

mum (progressively tending to shift to winte r one moving
southwards), sometimes a secondary maximum in spring,
and a not very marked minimu m in J uly.

Moving rnou nrainwards, meteor ic regimes pro gressively
become more continental; in parallel, summer orographic­
convective and advective precipitation increases (mostly
during the second half of August), while it decreases in J an­
uary, maybe because of the expansion toward the mid­
Adriatic of the Russian anticyclone, which often brings low
and stratified clouds that du not affect the higher reliefs.
Th e above situation is confirmed by the data recorded in
Campo [mperatore, where a secondary maximum in sum­
mer and a seconda ry minimum in winter are present.

Total precipitation generally ranges from 600-700 mm,
along the coast and the plains, to 1000-1200 mm, in the
moun tain area. Examining its distr ibutio n (tab. 4), it is ev­
ident that no di rect relat ion exists with altitude (fig. 3), in
analogy with the Alpine situation; this featu re has already
been verified for con tiguous areas (Bisci & alii, 1997; Faz­
zini, 1997; Bisci & alii, 200 1). In fact, an nual precipitation
is higher in sites located upwind of the first-quadranr cur­
rents (such as the Orta Valley), o r not completely down­
wind of the very humid third-quadrant ones, than on the
surrounding moun tains. As a conseq uence, the R1 of the
linear regression [or the precipitation/ altitud e ratio (Fig.
3) is very low (0.54). However , the data distribu tion shows
the presence of a pluviometr ic optimum at altitudes rang­
ing aro un d 1500 111 a.s.l.; this is well descr ibed by the
second-order interp olat ing curve, which obtains an accep t­
able statistical score (R

1 = 0.77). The above considerations
allow us to hypothesize that p recipitation do es not exceed

~-

i
{; .
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»> .~ ~
y=0.3294, + 710.46 .r>R' =0.5415

r-: {;

{;

I~
• y = -0.0003><' + 1.0697x + 503.8

R' = 0.768
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FIG. 3 Precipit ation/Elevation
rat io. T he top line indic ates the
elevation of the sta tions (in bold
italics are rep ort ed some sta tions
located in the eastern Alps. for
purposes of co mparison ): P es =
Pcsca ra, Lan = l.an cian o , G Ull =
Guardiagrclc, Tar = 'I'arvisio
(UD), Sell = S. Eufcr nia, Ses =
Sesto (il Z), PIll = P. l .an ciano .
Fbi = Fontana Bian ca mZl, Cim
= C. Impcrato rc. T he for mula
an d R1 value listed on the left re­
fer to linear inter polation (th in
lind , whilst those to the right
refer to polynomial (3 '" order)

interp olat ion (thic k line).
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T ABLE 4 - Mean precipitation in the investigated stat ions, also ill com par-
ison with sites located in the eas tern Alps at comparable altit ud e. Max I
and max 2 ind icate the season o f primary and secondary ma xima, whi lst
min I and min 2 indi cate th e season of pri mary and seco ndary mini ma

Site Ete\'>lt ioll mm J ays max I max 2 mini min 2

Pcsca ra 2 ", 6' Aut Slim
Lnn elnno 2S3 765 8< \,(Iin Slim
Guardiagrclc 577 787 X8 Win SUIll
S. Enfenua S78 1-166 IlJ Alit SUIll
Passu Larn-iano 1-l70 1219 IOJ Alit Win Sum Spr
C,llUPO Im pc raro rr- 2139 12-13 10' Aw Slim Spr Win
Tarvisio .ur» 775 1501 136 Sum Aut \Xlin
Scsro (BZ) 1310 882 88 Sum Win
l-oruana Bian ca (fiZ ) 1910 986 89 Spr Aut \,(Iin Sum

1200-1300 mm close to the mountain tops (a rath er low
value , bcaring in mind the orography).

Moreover, detailed statistical ana lyses for the mid ­
Adriat ic side of Italy (carr ied out at more than 200 sta­
tions, taking into accou nt the influence of more than 40
morph ologic, morph ometr ic and topographic variahles,
too ) revealed that local precipitatio n depends primarily on
the distance from the main mountain ridge and seco ndari ­
lyon the elevation of both the main divide and the slope
located mountainward from the station (Bisci & alii, 1997;
Fazzini, 1997; Bisei & alii , 20tH) . Summing up , the areal
distribution of precipitation is rather irregular: its part ial
correlation with altitude may derive from the quite regular
increase of relief in parallel with the dist ance from the
coast.

Th e annual numb er of days of frost ranges from 5-10
along the coast, to 30-40 in the hilly area, to 60-70 at abo ut

1000 m a.s.l., up to ca. 2 10 at Campo Imperatore: at the al­
titude of the Upper Cannella Valley, extrapolating the 2nd

orde r spline this value ranges between 22 1 and 309 (fig. 4).
Days of ice are significantly fewer in the mountains roo .let .
35 at Campo Impcra torc , arou nd 70 on the peaks). Th ere­
fore, it is logical to hypothesize tha t, mostly in spring, tern­
peratu res often oscillate daily arou nd 0 "C. Th is deter ­
mines a fast compaction of snow alhng the slopes but, on
the othe r hand, also contributes to the [orm ation of thaw­
and -freeze crusts that could act as slid ing surfaces for
avalanches.

As previously said, due to a coincidence of dynamic
and thermal meteoro logical facto rs, snowfalls are abun ­
dant over 1000 m a.s.l.: in fact, local values are similar to
those reco rded along the Italian eastern Alps at similar al­
titudes (tab. 5 ), with the exception of Tarvisio. On the
other hand , the temporal dist ribut ions of snowfalls are d if·
ferenr in the Alps and in the study area, since high -altitu de
Apennin e stations show a maximum in J an uary and Febru­
ary, whilst along the Alps the same period is rather d ry
and the maximum is recorded in spring.

However, examining the Campo Imperatore reco rds
(fig: 5), it is possible to recognize that at high elevations
the nivometric regime becomes more similar to the Alpine
one, showing a secondary maximum in Apri l. Spring
snow , generally brought by continental cold fronts, as­
sumes «winter» features, having a not very high dens ity
and a low content of water. As a consequence, the dura­
tion of snow cover increases more rap idly at higher alti­
tudes (fig. 6), arriving at more than 250 days a year in sites
protected from solar radiation .

Moreover, because of thc relevant daily thermal exc ur­
sion, du ring spr ing, snowfalls arc rath er frequent (Fazzini
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FIG. -t - Days of frost (c ircles) an d
d ays of ice (tr iangles) in the study
area. T he top line ind icates the cl­
evarion of the eight sta tions (Pes
= Pescara , Lan = Lan ciano , G ila
= G uardiagrclc, Seu = S. Eufcmia ,
Pie = Picr racamela, Ass = Asscrgi ,
Pia = P. Lanciano. Cirn = Ca mpo
Imperatore). T he formulas and R1

values listed on the left refe r to
linea r int erpolation s (thin line) ,
whi lst the ones ro the right refer
ro polynomi al (2 o.! o rder) int erpo ­
lation (thick line); those refe rr ing
to da ys of fros t are located above
the ones regarding the da ys o f ice.
The ( \\'0 thin vertical lines show
the ran ge of altitudes of th e

Upper Cannella Valley.



TABLE 5 - Fresh snow fall (in em ), days o f snow cover, nivomcrric coefficients In.c. '7c 1 and precipitat ion (in rum) in the investigated stations, also in
comparison with some sites locate d in the eastern Aills at comparab le altitude

Sitc Elevation J an Feb Mar Apr May Scp o« Nov Dec Year covcr niv c. '7c p recipi tation

Pescara 2 4 4 I 0 0 0 0 0 2 \I 5 2.0 545
Lanciano 283 3 5 2 0 0 0 0 0 4 16 7 2.0 765
Guardiagrclc 577 2 6 0.5 0 0 0 0 10 2 1 39.5 10.5 5.0 787
S. I ~ufc lll ia 878 76 67 47 25 1 0 3 H 58 3 \1 62 2 1.2 1466
Passu Lanciano 1470 78 30 37 7 3 0 0 3 1 J3 2 19 90 18.0 1219
Cam po lmpc ratorc 2139 106 53 40 7J \I 4 J7 56 69 449 197 38.2 1243
Tarvisio (UD) 775 120 131 48 35 0 0 0 0 72 406 95 27.0 1501
Scs tc 1HZ) 1310 28 45 29 18 4 0 8 J3 38 203 141.2 23.0 882
Fontana Bianca (HZ) 19 10 75 76 74 110 23 0 27 77 73 535 180.8 54.J 986

& alii, 1999), which locally increase the thickness of snow
cover thus allowing .1 good thermal insulation of the soil.

The overall effect of the above situation is that , at high
altit udes, the th ickness of snow cover is gcnerally higher
during spring than during winter . This implies that the soil
can be effectively cooled during the colde r months whilst
it is well prot ected from solar radiation and external ther­
mal exchanges when the air temp eratu re increases.

In the moun tain area, the wind contributes to lowering
the tem perature of the air. In fact, data recorded along the
Adriat ic coast (at Pescara and Tcrmoli) by Acron autlca
Militate - Servizio Meteoro logico (1999) and , most of all,
at the base of Mt. Maicllct ta (at Guardiagrele) by Cor pu
Forcstalc dello Stato . Comando di G uardiagrclc (pcrs.
comm .) show that stormy weather is frequent , mostly at
higher altitud es. Dur ing winter, along the coast, winds
mostly blow from N or N\X! , whilst in the remaining sen­
sons they mostly come from the first quadrant. Th e high-

altitude (1650 m a.s.l.) record ing station, which is active
exclusively from Decemb er to April, ind icates that wind
mainly comes from either N or NE. with an average speed
of ca. 20 km/h and a mean temperature of about - 3.5 · C
(data referring to the per iod 1995-1 999). Climate obvious­
ly is even more severe at higher altitudes: this implies soil
cooling at temperatures below 0 °C for many month s.

Moreover, in valleys exposed to the wind the snow
cover (generally quite dry during the cold period) is effec­
tively remodelled by deflation that in th is way causes local
variations of thermal insulation.

THE UPPER CANNELLA VALLEY

The Upper Cannella Valley (fig. 7) has lin average alti­
tude of ca. 2400 m. In its highcr portion it trends ca. NW­
SE and is surrounded by a high mountai n range culminat-
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FIG. 5 • Average hci~hl of fresh
snow Icm] at Campo lmpcratore
(2 150 III a.s.l., Gran Sasso Massif).
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FIG. 6 • Geomorphologic sketch of the Upper Ca nnella Valle)' Islighrly modified fro m Dram is & Korarba . 1992 ). Le gend: I ) ro unded ridge ; 2 ) dome-like
sum miu J ) br o ad, gentle rd ief limited by progressive change of slope; ~ ) b road. shallow valley or gully ca rved into bedrock: 5) disnnct roc k scarp; 6)
rockwall; 7) debris-mantled slope or rocky slope; 81 ta lus shee r; 9 ) 1111us cone; 10) debris st ream: I I) alluvia l cone: 121 boulder shee r; 13) ka rsnc sink -ho le;
14 ) hu mmocky drift; 15) [arera! moraine ridge; 16 ) bedrock lopograph y alon g valley bonum; 171 rock glacier; 18) eros ion furrow and meltwater channel.

ing in Mt. Amaro (2793 m a.s.l.) to the S\'(I, Mt. Acquaviva
(2758 m) to the north and Mt. Sam'Angelo (2670 m) to
the north- east. Successively, it bends opening to the east.
Thi s o rographic condition protects the area from the
warmer southe rn and western winds. bu t leaves it exposed
to the colde r first-qu ad ran t cu rrents that arc cha nnelled
through the mid reach of the valley.

T he valley head , which derives fo rm the rem odelling of
an ancient glacier cirque, is bordered both to the west and
to the south by sca rps and rockwalls produ cing wide shad­
ow helts du ring summer, too . In th is way. war ming by

10

d irect solar radiation is dramatically red uced along the
north - and east-facing slopes, where perm afrost could
have been con served for lo nger per iods (Abbey & alii,
1978; Hoelzlc, 1992).

Th e calcareo us bedrock is' strongly karstified , thus al­
lowing fast and deep infiltration of rainfall and meltwater
that as a consequence only mod erately contribute to the sur­
face therma l balance. Mo reover, this redu ces capilla ry rising
of water in the snow cover, which can therefore persist and
maintain its density and tempera ture for longer time. Thi s
situation is responsible for the annual persistence of small



FIG. 7 - Relation between ahi­
rude ami th ickness of fresh
snow in ern (a), and between
altitude and number of da ys
with snow cover Ib). Th e top
lines indicate the elevation of
the stations (in bold italics arc
reported some sia lions locat­
ed in the eastern Alps, added
fur purposes of co mparison):
Pes = Pcscara. Len = Lancia­
no , G uu = G ua rd iagrelc, Ta r
= Tarvisio (U D), Sell = S, Eu­
femiu. Ses =Scsrc (HZ), PIa =
P. Lnnciano, Fbi = Fontana
Bianca mZ), Cim = Campo
lmpcrmore. The formulas
and R1 values listed on the left
refer to linear interpolation
Irhin line), whilst those to the
right refer to polynomial 0 '"
order) interpolation (thick
lind . In fig. 5.1, the two lines
pr actically coincide . The two
thin vertical lines show the
range of altit udes of the

Uppe r Cannella Valley.
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snow patches in both doline bottoms and north-facing
niches, starting at altitudes as low as 2600 Ill , ~1 phenome­
non contributing to the hypothesis regarding the presence
of conditions which arc locally favorable for conservation
of sporadic perma frost (Dramis & Kotarba, 1992, 1994).

In the area, six rock glaciers, which arc of the valley
type, following O utcalt & Benedict (J 965), have been rec­
ognized, covering altogether nearly 40 ha (Dramis & Ko­
rarha, 1994). Among those, only one faces to the cast and
is located close to the valley head, along its western scarp,
while the other five arc aligned along its southern slope

and have a NE-NNE attitude (fig. 7l. Th eir or igin seem 10

be most likely connected with rockfalls and rockslides af­
fecting the scarp («talus rock glacier», following Barsch,
1987) than with reworking of moraine mater ial (Dram is &
Kotarba, 1992, 1994). Their areal extension varies from a
minimum of ca. 18,000 m' to a maximum of more than
191,000 m' , whilst their length ranges between 110 and
835 m: this allows them to be ascribed to the medium size
ones (Corle, 1987). The altitude of their head ranges be­
tween 2632 and 2300 Ill , while that of their toes varies
from 2539 III 2180 m (tab. 6).
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TAB1.E 6 - Main features of the Upper Cannella Valley rock glaciers;
numb ers refer to fig. 6 (slightly modified from Dramis & Korarba. 1994)

Rock glacier # 2 4 (,

Head elevation (m a.s.l.] 2,510 2,632 2,470 2,520 2,.·145 2,300
Toe elevation (m a.s.l.] 2,450 2,539 2,430 2,479 2,272 3,IRO
Overall length (Ill) 320 200 120 320 835 220
Average wid th Im} 160 200 110 150 236 270
Surface area (Ill') 42,500 28,700 18,300 2 1,260 191.340 93,500
From slop e (Q) n.d. 40 n.d. 20 28 n.d.

O nly the mid-low portion of the higher rock glacie r (n.
2 in fig. 7 and tab . 6) is almost lichen free and shows both
fresh breaks in the surface and «porridge -like» appea rance ,
which may testify to its present activity. To obtain furt her
clues regarding the presence of patches of sporadic penna­
frost, a camp aign of measurements of bottom temp erature
of wint er snow cover (BTS) was car ried out in the area.
This method was introduced in the '70s (Hacberli, 1973)
based on the hypothesis that, where the snow cover is long
lasting and thick enough to insulate the soil from therm al
excha nges with the atmosphere, the temp erature of the
Earth surface di rectly depends upon underground tempera­
ture. Wh en permafrost or buri ed glacial bodies are present
close to the topographic surface the measured tempe rature
is well belo w DoC, otherwise it is close to 0 °C, since the ex­
cessive beat is used for snow melting (Haebe rli, 1985), It
has been empirically stated that BTS values lower than - 2
°C indicate po ssible permafrost , whilst temperatures lower
than - 3 °C testify to probable permafrost (H acbcrli, 1973).

At the end of Ma rch 1993,49 BTS measurements were
car ried ou t: 13 on rock glacier No. 2 an d on th e neighb ou r
moraine and debris dep osits, and 32 on the rock glaciers
No.4 and No.5. In 41 nf the 49 sites , the thickness of the
snow cover exceeded 80 ern, th us ensuring a sufficient lev­
el and making the measurements acceptable (King, 1986;
1990). I t should be emphasized that snow was much thick ­
er (t .5 Ill , as an average; locally, over 2 01) on land fo rms
No, 4 and No. 5 than on No.2 (95 ern, on average). More­
over, on the latt er , hypothetically conside red as active due
to its morphology, relatively high temp eratures were meas­
ured , theo retically not compatible with the presen ce of
permafrost. On the other hand, permafrost seems to be
present in the sligh tly less elevated land fo rms, whose rnor ­
phology gives no hint of act ivity, Thi s could lead to a dra­
matic revision of the mo rphocjynami c att rib ution of the
rock glacier I1. 2, whose pa rticu larly irregular morphology
could be due to recent activity of phenomen a which are
different fro m the genetic ones.

Anyhow , the gentler morph ology of the other two rock
glaciers (No. 4 and No. 5 ) are not in contrast with the prob ­
able presence of permafrost ind icated by the BTS measure­
ment s (I I of them gave values below _2 °C, with 7 meas­
ured temp era tures below _3 °C). In [act, presence of per­
mafrost does not dire ctly imply the existence of the mass of
interstitial ice necessary for the activity of the landforms.

Basing upon the climatic pa rameters elaborated for
the whole Maiella area, it was possible to hypothesize a
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the rmal-nivornetric framewo rk for the Upp er Cannella
Valley. Th e values obtained in this way (calculated for an
altitude of 2550 m, similar to that of the toes of the rock
glaciers No.2 and No. 4 and No.5) arc obvious ly affected
by substantial inaccura cy. This mostly der ives from the
lack of reco rJing weathe r stations in the study area and ,
more in genera l, at high elevat ion . To significantly imp rove
this situat ion, we are plann ing to install mobile recording
stations in the Upp er Cannella Valley, to be located in sites
th at arc inst rumenta l for the reconstructio n of local topo­
climates. Monthly averages of air temperatures are there
estimated to range between _ 8°C and 6.5 °C, with an an­
nua l mean of ca. - 1.6 °C. Absolute min imum temperatures
should probably be around - 28°C , whilst maximum ones
sho uld not exceed 20 °C.

The n ivom~tri c regime of the Upper Cannella Valley is
typical of high-altitude, low-mid latitude areas. This im­
plies a major maximum of snowfall in Decemb er-Janua ry
(corresponding with the period of maximu m annual pre­
cipitation) and a secon da ry maximum in Apr il, sep arated
by a less intense period . Anyhow, snowfalls are relatively
common for th e whole period Septembe r-] line (fig. 8).

As previously said, the thickness of snow cover, besid es
on intensi ty and frequency of snowfa lls, also depend s on
the local effects of eolian erosion and deposit ion , ava­
lanches an d different melting rates. Ge nera lly speaking, it
reaches its maximum in spring, whe n it can locally exceed
3 m. O n the othe r hand, the complex dynam ics of snow
may locally lead to almost to tal eros ion of the snow cover
in areas particularly expose d to wind and along very steep
slopes and channels . As a consequence , it was impossi ble
to car ry out BTS measuremen ts on rock glacier No. 1,
since in March its surface WeIS almost completely ba re. O f
cou rse, significant removal of snow cover leads to greater
thermal exchanges with the atmosphe re, and therefo re to
deep er freezing du ring the cold period and faster warming
during late spri ng ii.e., from the beginnin g of May).

CONCLUSION

To sum up , it can be stated that in the Upp er Cannella
Valley the clima te, ex trapo lated from the records of sta­
tions located at a lower altitude, docs not seem to be se­
vere eno ugh to allow the preservatio n of permafrost. Any­
how, taking into acco unt the concurrence of many meteor ­
ological and top o-climatic facto rs, it can be inferred that
soil temperatu re should locally he much lower than the
values theoretically calcu lated. Th is may fully justify the
presence of small resid ual patches of spo radic perm afrost.

The imp ortance of microclimatcs (mos tly connected
with morpho logy and aspec t of th e slopes) is testified by
13TS measurement s carried out on rock glaciers and in
their neighbor hood , which gave ind ications of the possible
presence of perm afrost at altit udes of ca. 230 0-2400 m. O n
the othe r hand , they suggest th e abse nce of frozen gro und
below the landform located some 20D m higher, even
tho ugh it is the only one that shows landform s symptomat­
ie of a possible periglacial activity.
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