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matic conditions and sporadic pevmafrost in the Maiella Massif (Central
Apenntues, laly). (IT 1SSN 0391-9838, 2003).

Climatic data were examined for some ten weather recording
stations, in order to verify the presence of favorable conditions for pre-
serving sporadic mountain permafrost in the Maiclla Massil (Central
Apennines, Ttaly).

The analyzed data refer to the time-span 1965-1990; they have been
gathered f[or recording stations located at altitudes ranging from sea level
(Pescara) to over 2100 m as.l. (Campo Imperatore, Gran Sasso Massif).

The mean annual average temperatures were ea. 6-7 °C in the higher
areas; the seasonal means ranged from —4 °C in winter to 12 °C in sum-
mer. Average thermal gradients vary from 0.4 °C/100 m in January to 0.7
°C/100 m in July, with an annual average of 0.57 °C/100 m. Based upon
these data, the altitude of the 0 °C isotherm in free air in the Maiella
Massif is ea. 2500 m, whilst the -2 °C isotherm, which can be used as the
lower climatic limit for the presence of permafrost, should be located
slightly over 2750 m a.s.L, on average.

The precipitation regime generally has sub-Mediterranean features,
which are progressively more evident moving from the Adriatic to the
Tyrrhenian side. It shows a maximum in late autumn or winter and a
minimum in summer, locally associated with a secondary maximum in
late spring. Annual precipitation ranges around 1200-1400 mm, both in
the high plains and on the main mountain peaks.

Snow falls are abundant, especially along the eastern sides of the
mountain groups, because of direct exposition to Balcanic-Danubian
cold currents. At 1000 m as.l., generally 150 to 200 cm of snow fall are
recorded and a snow blanket is present for ca. 70 days, concentrated in
the November-April period; at ca. 2000 m a.s.l. (Campo Imperatore), the
snow fall sums up to 400 ecm and 180-200 days of persistence are record-
ed from the end of October to the end of May.

Analyzing the above situation, it is possible to infer that the general
climatic framework allows the presence of permafrost only close to the
top of the Maiella Massif, at altitudes exceeding 2750 m as.l,

On the other hand, the bottom temperatures of winter snow cover
(BTS) recorded in the Upper Cannella Valley, where sun irradiation is
particularly reduced and wind blows very energetically during the cold pe-
riod, demonstrate that permafrost can exist even at relatively low altitudes
(ca. 2400 m a.s.l.) in particular morphologic conditions. This emphasizes

(*) Dipartimento di Scienze della Terra, Universita di Camerino.
(**) Dipartimento di Scienze Geologiche, Universita “Roma Tre”.

the [act that micro-climatic conditions are instrumental in the energy bal-
ance of the ground, and therefore in the presence of permafrost.

Key Worps: Climatic conditions, Microclimate, Permafrost, Maiella
Massif, Central Traly.

RiassunTo: Biscr C., Dramis I', Fazzint M. & GUGLIELMIN M.,
Condizioni climatiche e permafrost spovadico nel massiccio della Maiella
(Appennino centrale, Italia). (IT ISSN 0391-9838, 2003).

Sono stati esaminati i dati climatici relativi ad una decina di stazioni
meteorologiche per verificare la presenza di condizioni favorevoli alla
conservazione di permafrost montano sporadico nel massiccio della Ma-
iella (Appennino centrale, Ttalia).

I dati analizzati sono relativi al periodo 1965-1990 ¢ riguardano sta-
zioni situate ad altitudini comprese tra il livello del mare (Pescara) ed
oltre 2100 m (Campo Imperatore, Gran Sasso d’ltalia).

Sugli altipiani pit elevati, le temperature medie annue si aggirano in-
torno ai 6-7 °C; le medie stagionali vanno dai -4 °C dell'inverno ai 12 °C
dell’estate. I gradienti temici medi variano invece tra gli 0.4 °C/100 m di
gennaio e gli 0.7 °C/100 m di luglio, con una media annua di 0,57 *°C/100
m. Secondo questi dati, si ricava che, nel gruppo della Maiella, la quota
dello zero termico annuo nella libera atmosfera si aggira intorno ai 2500
m circa, mentre l'isoterma annua di -2 °C, utilizzabile come limite clima-
tico inferiore per la presenza di permafrost, dovrebbe in media essere
localizzata poco sopra i 2750 m s.L.m.

1l regime meteorico mostra caraiteri generalmente sub-mediterranei,
sempre piil netti procedendo dal versante adriatico verso quello tirrenico,
con un massimo tardo autunnale o invernale ed un minimo estivo cui, a
luoghi, si associa un secondo massimo tardo-primaverile. 1 valori annui
delle precipitazioni variano intorno ai 1200-1400 mm, tanto negli altopia-
ni quanto sulle vette principali.

Le precipitazioni nevose sono abbondanti specie sui versanti orienta-
li dei rilievi, a causa della diretta esposizione alle fredde correnti balcani-
co-danubiane. In media, alla quota di 1000 metri cadono dai 150 ai 200
cm di neve, che permane al suolo per circa 70 giorni, nel periodo novem-
bre-aprile, mentre intorno ai 2000 m (Campo Imperatore) tali valori
salgono a 400 ¢m e 180-200 giorni di persistenza, concentrati tra fine ot-
tobre e fine maggio.

_Dall’analisi della suddetta situazione, si pud concludere che il quadro
climatico generale consentirebbe la presenza di permafrost anche a quote
relativamente basse (intorno ai 2400 m), evidenziando quindi come le
condizioni microclimatiche locali siano detrminanti per il bilancio ener-
getico del suolo e per la relativa presenza di permafrost.

TermiNt CHIAVE: Condizioni climatiche, Microclima, Permafrost,
Massiccio della Maiella, Italia Centrale.



FOREWORD

This research starts from the finding in the Maiella
Massif (Central Apennines, Italy), and particularly in the
Upper Cannella Valley, of landforms which are charac-
teristic of permafrost areas (Dramis & Kotarba, 1992).
Among those, particularly interesting are some rock gla-
ciers, and especially the one located at an altitude of ca.
2600 m as.l., which on the basis of its geomorphologic
features (steep front, noteworthy inflation, irregular pat-
tern, etc.) seems to have not been inactivated by the cli-
matic amelioration characterizing the last period (Dramis
& Kotarba, 1992, 1994).

With these information in mind and taking into ac-
count the relevance of climatic parameters in the study
of permafrost distribution (Cheng Guodong & Dramis,
1992), systematic climatic analyses of the main mountain
groups in the Central Apennines (Sibillini Mts., Laga Mts.,
Gran Sasso, Maiella and Velino massifs) were started, in
order to determine the areal distribution of conditions
favoring permafrost conservation.

This paper reports the first results of researches carried
out on the Maiella Massif (and, namely, in the Upper Can-
nella Valley), giving a preliminary illustration of climatic
conditions and thus flunic;hing indications on the chances
of permafrost conservation at high altitudes. Measure-
ments of bottom temperature of the winter snow cover
(BTS), carried out on some of the rock glaciers recognized
there, gave further confirmation of the possible presence
of patches of sporadic permafrost. This should be the
southernmost ever discovered in Europe (latitude slightly
higher than 42° N).

THE MAIELLA MASSIF

The Maiella Massif is located in the Central Apennines,
some 35-40 km from the Adriatic shoreline, just to the
north of the 42° parallel (fig. 1). It reaches its maximum al-
titude at Mt. Amaro (2793 m a.s.l.) and appears as a wide
and slightly undulated summit surface having an average
elevation of . 2500 m asl, with many minor reliefs
showing relatively gentle morphology.

The landscape is modelled over Paleogene limestone,
folded following a wide-radius anticline and densely dis-
sected by faults. The bedrock is strongly karstified; as a
consequence, streams are extremely rare, springs are lack-
ing and vegetation cover is very poor. Generally, south-
facing valley slopes are less steep than north-facing ones,
the latter being often characterized by the presence of
scarps and rockwalls. Moraine deposits, produced during
the cold Wiirm phases, are scarce, whilst much more
abundant are coarse-grained slope deposits.

Notwithstanding the relatively high precipitation, be-
cause of the high permeability of the bedrock this environ-
ment is typical of a cold mountain desert (Whitchead,
1951), as clearly testified by the almost total lack of vegeta-
tion. This favors debris production by cryoclastic processes,
gravitational movements, avalanches and eolian deflation.

CLIMATIC FEATURES OF THE MAIELLA MASSIF

The climate of the Maiella Massil depends, among
other things, on some major geographic factors, such as
latitude, elevation, aspect and distance from the sea.

2 / M\\‘-._ /_/(_//‘-
M. Goeruno et e
24 \
o= lPIerracomeI - W !
Corno Grande ﬁ \,\
2914 m e
Compo Imperator:
]
Assergl

C@ho cia
S. Eufemia
Ty
M. Am
2795 m

aielletfa
aro

a-Pescara

.

"\ Adriatic
Sea

-.\‘

mlancia

] Guordicgrele/j‘\/

TG, 1 - Location of the study

area, depicted through the use of

a shadow relief map following the

UTM32 projection. Black squares

indicate weather recording sta-

tions, whilst triangles indicate
major peaks,




The rather low latitude (slightly higher than 42° N; i.e.
more or less the same as Rome) suggests that Mediterrane-
an influences should be relevant, both for temperature and
precipitation. Anyhow, it has to be taken into account that
the Adriatic side of the Italian peninsula has a more conti-
nental climate than the Tyrrhenian side. This implies cold-
er winters, slightly warmer summers and precipitation
which is less and with reduced seasonal differences (Bisci
& alii, 2001; in press).

Altitude plays an opposite role, so much moderating
the Mediterranean features that locally average winter
temperatures are similar to those recorded along the Ttal-
ian Alps at the same elevation.

Aspect locally contributes to make climatic conditions
even more severe. Along north- and east-facing slopes,
which are more exposed to cold continental wind, micro-
climates may be present that allow the activity of phenom-
ena that are uncommon at such latitudes. In the neighbour
Gran Sasso Massil, this is clearly testified by the presence
of the small debris-covered Calderone glacier (Smiraglia &
Veggetti, 1992).

For the climatic analyses, thermal, pluviometric and
nivometric data from 8 sites (Servizio Idrografico, 1965-
1990) referring to the time-span 1965-1990 were taken in-
to account (tab, 1); 3 weather stations were selected in
such a way to be more or less aligned perpendicularly to
the mountain belt, ze. about ENE-WSW (fig. 1). The re-
cording station of Pescara was added to have information
on the climate at sea level. Data recorded in the neighbor-
ing Gran Sasso area were taken into account too, given to
the lack of stations located at more than 1500 m a.s.l. This
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. There, the Campo Imperatore recording sta-
tion, which was the highest in Central Apennines (2124 m
a.s.l.), was active (up to 1987) at the north-western end of
the homonymous valley.

The thermal records (tab. 2) show that in the area an-
nual average temperatures vary from 15.0 °C at low alti-
tude (Pescara, 2 m a.s.l.) to 8.3 °C at intermediate altitude
(Passo Lanciano, 1470 m); in the Gran Sasso Massif, this
value decreases to 3.2 °C (Campo Imperatore, 2124 m). In
January, at the above stations, average temperatures re-
spectively are, respectively, 6.3 °C, 0.5 °C and -3.6 °C,

TABLE | - Geographic features of the investigated meteorological stations

Site Latitude Longitude  Elevation (m)  Aspect
Pescara 42°28' 11" N 147 13" 49" E 2 Slope NE
Lanciano 42° 13"35" N 14723 15" E 283 Ridge
Guardiagrele 212N 14PN E 577 Summit
S. Eulemia 42° 08" 25" N 147 01" 30" E 872 Slope WSW
Passo Lanciano 42°12' 05" N 14° 06" 20" E 1470 Slope E
Campo Imperatore  42° 26" 257 N 139 33025 E 2135 Highland SE
Pietracamela 42°31°05" N 13°32" 45" L. 1000 Slope NE
Assergi-Funivia 42°25' 25" N 137 31" 30" E 1040 Slope SW

whilst in July their value are, respectively, 23.4 °C, 16.9 °C
and 11.1 °C,

Therefore, conditions vary (tab. 2) from a humid sub-
tropical climate (Cfa, following Képpen & Geiger, 1930),
along the coastline and in the hilly area, to that of a marine
west coast one (Cfb-Cfc), at intermediate altitudes; then,
over 1800 m, we have first a humid continental climate
with warm summers (Dfb) and then a continental subarc-
tic humid microthermal one (Dfc).

A more detailed analysis demonstrates that in the
Maiella Massif the influence of the Adriatic Sea is weak.
This is more evident in summer, when even at intermedi-
ate altitudes average temperatures are quite high; in fact,
only over 700 m a.s.l. does the climate become of the Cfb
type. Anyhow, at ca. 2000 m of altitude, maximum values
are always moderate, seldom exceeding 25 °C (when Afri-
can anti-cyclones are present).

During winter, mostly along eastern slopes, Arctic or
continental Russian masses lower the temperature to val-
ues that, in the Mediterranean basin, are unparalleled at
those latitudes. In sites particularly exposed to those cold
winds, at altitudes of 1000 m every year the temperature
decreases to —10 °C and at ca. 2000 m cold is particularly
severe: in Campo Imperatore, —23 °C were recorded and
almost every year temperatures decrease to ca. =20 °C.

Moreover, during the cold semester, thermal inversions
in anti-cyclonic conditions frequently occur, in the inner
basins, in the high plateaux and in the glacial cirques close
to the highest peaks. As a consequence, the above report-
ed values can locally be even lower and particularly severe
conditions can persist for several days. This, where the

TABLE 2 - Average temperatures and climatic types (Képpen & Geiger, 1930 and following) in the three studied stations

January July Year

Site Average of Thermal Average of Thermal Average of Thermal Annual  Climatic

max min  ave Amplitude max  min Amplitude  max  min  ave Amplitude  excursion type
Pescara 10.2 2 6.3 i) 282 186 234 9.6 195 105 15 9 18.1 Csa
Lanciano 9.5 33 6.4 6.2 285 183 234 10.2 189 104 146 8.5 17.0 Cfa
Guardiagrele Fz 25 5 4.5 267 186 227 8.1 167 104 13.6 6.3 17.7 Cla
S. Lufemia 63 0.6 29 6.9 257 136 196 12.1 15.6 63 11 9.3 16.7 CIb
Pietracamela 6.7 -0.2 3.4 8.9 248 151 199 9.7 15.2 7 20 R 8.1 16.6 Clb
Assergi 54 =19 1.8 7.3 249 126 188 12.3 14.7 54 101 9.3 20.6 Clb
Passo Lanciano 3.8 28 05 6.6 220 115 168 10.7 125 4l 83 8.2 174 Cle
Campo Imperatore  -1.2 58 35 4.6 13.9 83 111 5.6 5.7 0.8 3.2 4.9 14.6 Dwh




snow cover is thin or absent, causes a further considerable
cooling of soil.

Also annual thermal amplitudes testify to an almost
sub-continental climate, ranging from 17 °C to 20 °C (in
Rome we have 14 °C). Diurnal amplitudes are obviously
higher in the inner basins and along the valleys (S. Eufe-
mia, 12.1 °C) than on the mountains (Campo Imperatore,
6.4 °C ). During winter, anyhow, the situation is inverted:
this is probably due to the above mentioned thermal inver-
sion phenomena, which during the day maintain the tem-
perature low in the valleys and on the plateaux.

An average annual vertical thermal gradient of 0.59
°C/100 m (tab. 3) has been calculated using a linear inter-
polation (fig. 2) that obtained a very good statistical score
(R* = 0.967). Following this interpolation, the 0 °C and -2
°C isotherms, instrumental for the analysis of permafrost
distribution, are located slightly over 2800 and slightly be-
low 3200 m a.s.l., respectively. Since in the Central Apen-

nines the thermal gradient often increases a little at higher
altitudes (Bisci & alii, 1989; Fazzini, 1997), a second order
interpolating curve has been calculated (fig. 2); the opti-
mal score obtained (R* = 0.988) supports this hypothesis.
Using this interpolation, the above mentioned isotherms
are located at considerably lower altitudes: ca. 2500 and
slightly over 2750 m, respectively.

Moreover, thermal gradients (tab. 3 and fig. 2), which
are similar along both sides of the massif, are higher in
summer (0.6) than in winter (0.48). This emphasizes the
dominance of the Adriatic influence on western slopes too,
which are not exposed to the coldest winds.

For the Gran Sasso Massif, the 0 °C has already been
calculated to be located some 200 m below the highest
peak (Corno Grande, 2914 m a.s.l.), where an average an-
nual temperature of ca. —1.6 °C has been hypothesized
(Fazzini & aliz, 1999). This value is slightly lower than
those calculated by both Klebelsberg, for the time-span
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TABLE 3 - Thermal gradients in the Maiella and Gran Sasso massifs
(* = extrapolated data): 0 °C isotherm = 2754 m a.s.l; -1 °C isotherm =
2925 m; -2 °C isotherm = 3084 m

Average temperature Thermal gradients

Site Elevation Year Jan  July Ah  Year Jan  July
Pescara 2 15.2 74 22.8
Lanciano 283 153 6.2 234
Guardiagrele 577 13.6 5 227 294 037 05 039
S.Eufemia 878 11 29 19.6 301 058 048 048
Pietracamela 1000 112 34 20 122 066 062 074
Assergi 1040 10.1 1.8 18.8
Passo Lanciano 1470 7.8 -05 169 430 059  0.60 0.5
Campo Imperatore 2139 3.2 -35 111 669 062 042 053
Monte Amaro™ 2793 -01 -74 103 654
Corno Grande® 2912 -16 -84 5.7 119

1930-1950, and Ortolani,
1965).

The Adriatic side of Italy is known to be dryer than the
Tyrrhenian side (Bisci & alzz, 2001; in press): this is evi-
dent also analyzing the precipitations in the study area.
There, major events generally derive, during intermediate
seasons, from Sirocco or western winds and, during win-
ter, from north-castern winds. The latter, the most humid
period coinciding with the cold semester, often produce
heavy snowfalls both on the mountains and along the
plains.

The dominant precipitation regime is of sub-Apenninic
Adriatic type (Fazzini, 1997), with a late-autumn maxi-

1940-1956 (both in Demangeot,

mum (progressively tending to shift to winter one moving
southwards), sometimes a secondary maximum in spring,
and a not very marked minimum in July.

Moving mountainwards, meteoric regimes progressively
become more continental; in parallel, summer orographic-
convective and advective precipitation increases (mostly
during the second half of August), while it decreases in Jan-
uary, maybe because of the expansion toward the mid-
Adriatic of the Russian anticyclone, which often brings low
and stratified clouds that do not affect the higher reliefs.
The above situation is confirmed by the data recorded in
Campo Imperatore, where a secondary maximum in sum-
mer and a secondary 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
mountain area. Examining its distribution (tab. 4), it is ev-
ident that no direct relation exists with altitude (fig. 3), in
analogy with the Alpine situation; this feature has already
been verified for contiguous areas (Bisci & aliz, 1997; Faz-
zini, 1997; Bisci & aliz, 2001). In fact, annual precipitation
is higher in sites located upwind of the first-quadrant cur-
rents (such as the Orta Valley), or not completely down-
wind of the very humid third-quadrant ones, than on the
surrounding mountains. As a consequence, the R* of the
linear regression for the precipitation/altitude ratio (Fig.
3) is very low (0.54). However, the data distribution shows
the presence of a pluviometric optimum at altitudes rang-
ing around 1500 m as.l; this is well described by the
second-order interpolating curve, which obtains an accept-
able statistical score (R* = 0.77). The above considerations
allow us to hypothesize that precipitation does not exceed
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TABLE 4 - Mean precipitation in the investigated stations, also in compar-
ison with sites located in the eastern Alps at comparable altitude. Max 1
and max 2 indicate the season ol primary and secondary maxima, whilst
min 1 and min 2 indicate the season of primary and secondary minima

Site Elevation mm days  max| max2 minl min2
Pescara 2 345 5 Aut Sum
Lanciano 283 765 84 Win Sum
Guardiagrele 77 787 88 Win Suin
S. Eufemia 878 1466 113 Aut Sum

Passo Lanciano 1470 1219 103 Aut Win Sum Spr

" Campo Imperatore 2139 1243 104 Aut Sum Spr Win

Tarvisio (UD) 773 1501 136 Sum Aut Win
Sesto (BZ) 1310 882 88 Sum Win

Fontana Bianca (BZ) 1910 986 89 Spr Aut Win  Sum

1200-1300 mm close to the mountain tops {(a rather low
value, bearing in mind the orography).

Morcover, detailed statistical analyses for the mid-
Adriatic side of Ttaly (carried out at more than 200 sta-
tions, taking into account the influence of more than 40
morphologic, morphometric and topographic variables,
too) revealed that local precipitation depends primarily on
the distance from the main mountain ridge and secondari-
ly on the elevation of both the main divide and the slope
located mountainward from the station (Bisci & ali7, 1997;
Pazzini, 1997; Bisci & aliz, 2001). Summing up, the areal
distribution of precipitation is rather irregular: its partial
correlation with altitude may derive from the quite regular
increase of relief in parallel with the distance from the
coast.

The annual number of days of frost ranges from 5-10
along the coast, to 30-40 in the hilly area, to 60-70 at about

Pes Lan Gua Seu

F:

1000 m a.s.l.,, up to ca. 210 at Campo Imperatore: at the al-
titude of the Upper Cannella Valley, extrapolating the 2"
order spline this value ranges between 221 and 309 (fig. 4).
Days of ice are significantly fewer in the mountains too.(ca.
35 at Campo Imperatore, around 70 on the peaks). There-
fore, it is logical to hypothesize that, mostly in spring, tem-
peratures often oscillate daily around 0 °C. This deter-
mines a fast compaction of snow along the slopes but, on
the other hand, also contributes to the formation of thaw-
and-freeze crusts that could act as sliding surfaces for
avalanches.

As previously said, due to a coincidence of dynamic
and thermal meteorological factors, snowfalls are abun-
dant over 1000 m a.s.l.; in fact, local values are similar to
those recorded along the Ttalian eastern Alps at similar al-
titudes (tab. 5), with the exception of Tarvisio. On the
other hand, the temporal distributions of snowfalls are dif-
ferent in the Alps and in the study area, since high-altitude
Apennine stations show a maximum in January and Febru-
ary, whilst along the Alps the same period is rather dry
and the maximum is recorded in spring,

However, examining the Campo Imperatore records
(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 April. Spring
snow, generally brought by continental cold fronts, as-
sumes «winter» features, having a not very high density
and a low content of water. As a consequence, the dura-
tion of snow cover increases more rapidly at higher alti-
tudes (fig. 6), arriving at more than 250 days a year in sites
protected from solar radiation.

Moreover, because of the relevant daily thermal excur-
sion, during spring, snowfalls are rather frequent (Fazzini
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TABLE 5 - Fresh snow fall (in em), days of snow cover, nivometric coefficients (n.c. %) and precipitation (in mm) in the investigated stations, also in
comparison with some sites located in the eastern Alps at comparable altitude

Site Elevation  Jan Feb Mar Apr  May Sep Oc Nov Dec Year cover nive. % precipitation
Pescara 2 4 4 1 0 0 0 0 0 2 11 5 2.0 545
Lanciano 283 3 5 2 0 0 0 0 0 4 16 7 20 765
Guardiagrele 377 2 6 0.5 0 0 0 0 10 21 39.5 10.5 5.0 787
S.Eufemia 878 76 67 47 25 1 0 3 34 58 311 62 21.2 1466
Passo Lanciano 1470 78 30 37 7 3 0 0 31 33 219 90 18.0 1219
Campo Imperatore 2139 106 33 40 73 11 4 37 56 69 449 197 38.2 1243
Tarvisio (UD) 775 120 131 48 35 0 0 0 0 72 406 95 27.0 1501
Sesto (BZ) 1310 28 45 29 18 4 0 8 33 38 203 141.2 23.0 882
Fontana Bianca (BZ) 1910 75 76 74 110 23 0 27 77 73 335 180.8 54.3 986

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

The overall effect of the above situation is that, at high
altitudes, the thickness of snow cover is generally higher
during spring than during winter. This implies that the soil
can be effectively cooled during the colder months whilst
it is well protected from solar radiation and external ther-
mal exchanges when the air temperature increases.

In the mountain area, the wind contributes to lowering
the temperature of the air. In fact, data recorded along the
Adriatic coast (at Pescara and Termoli) by Aecronautica
Militare - Servizio Meteorologico (1999) and, most of all,
at the base of Mt. Maielletta (at Guardiagrele) by Corpo
Forestale dello Stato - Comando di Guardiagrele (pers.
comm.) show that stormy weather is frequent, mostly at
higher altitudes. During winter, along the coast, winds
mostly blow from N or NW, whilst in the remaining sea-
sons they mostly come from the first quadrant. The high-
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F1G. 5 - Average height of fresh 0

snow (cm) at Campo Imperatore
(2150 m a.s.l., Gran Sasso Massil).

altitude (1650 m a.s.l.) recording station, which is active
exclusively from December to April, indicates 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 period 1995-1999). Climate obvious-
ly is even more severe at higher altitudes: this implies soil
cooling at temperatures below 0 °C for many months.

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

THE UPPER CANNELLA VALLEY

The Upper Cannella Valley (fig. 7) has an average alti-
tude of ca. 2400 m. In its higher pottion it trends ca. NW-
SE and is surrounded by a high mountain range culminat-




F1G. 6 - Geomorphologic sketch of the Upper Cannella Valley (slightly modified from Dramis & Kotarba, 1992). Legend: 1) rounded ridge; 2) dome-like
summit; 3) broad, gentle relief limited by progressive change of slope; 4) broad, shallow valley or gully carved into bedrock; 5) distinct rock scarp; 6)
rockwall; 7) debris-mantled slope or rocky slope; 8) talus sheet; 9) talus cone; 10) debris stream; 11) alluvial cone; 12) boulder sheer; 13) karstic sink-hole;
14) hummocky drift; 15) lateral moraine ridge; 16) bedrock topography along valley bottom; 17) rock glacier; 18) erosion furrow and meltwater channel.

ing in Mt. Amaro (2793 m as.l.) to the SW, Mt. Acquaviva
(2758 m) to the north and Mt. Sant’Angelo (2670 m) to
the north-east. Successively, it bends opening to the east.
This orographic condition protects the area from the
warmer southern and western winds, but leaves it exposed
to the colder first-quadrant currents that are channelled
through the mid reach of the valley.

The valley head, which derives form the remodelling of
an ancient glacier cirque, is bordered both to the west and
to the south by scarps and rockwalls producing wide shad-
ow belts during summer, too. In this way, warming by
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direct solar radiation is dramatically reduced along the
north- and east-facing slopes, where permalrost could
have been conserved for longer periods (Abbey & alii,
1978; Hoelzle, 1992).

The calcareous bedrock is strongly karstified, thus al-
lowing fast and deep infiltration of rainfall and meltwater
that as a consequence only moderately contribute to the sur-
face thermal balance. Moreover, this reduces capillary rising
of water in the snow cover, which can therefore persist and
maintain its density and temperature for longer time. This
situation is responsible for the annual persistence of small
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snow patches in both doline bottoms and north-facing
niches, starting at altitudes as low as 2600 m, a phenome-
non contributing to the hypothesis regarding the presence
of conditions which are locally favorable for conservation
of sporadic permafrost (Dramis & Kotarba, 1992, 1994).

In the area, six rock glaciers, which are of the valley
type, following Outcalt & Benedict (1965), have been rec-
ognized, covering altogether nearly 40 ha (Dramis & Ko-
tarba, 1994). Among those, only one faces to the east and
is located close to the valley head, along its western scarp,
while the other five are aligned along its southern slope

and have a NE-NNE attitude (fig. 7). Their origin seem to
be most likely connected with rockfalls and rockslides af-
fecting the scarp («talus rock glacier», following Barsch,
1987) than with reworking of moraine material (Dramis &
Kotarba, 1992, 1994). Their areal extension varies from a
minimum of cz. 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 (Corte, 1987). The altitude of their head ranges be-
tween 2632 and 2300 m, while that of their toes varies
from 2539 to 2180 m (tab. 6).
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TABLE 6 - Main features of the Upper Cannella Valley rock glaciers;
numbers refer to fig. 6 (slightly modified from Dramis & Kotarba, 1994)

Rock glacier # 1 2 3 4 5 6
Head elevation (m a.s.l.) 2510 2,632 2470 2520 2445 2300
Toe elevation (m a.s.l.) 2450 2539 2430 2479 2,272 3,180
Overall length (m) 320 200 120 320 835 220
Average width (m) 160 200 110 150 236 270
Surface area (m’) 42,500 28,700 18300 21,260 191,340 93,500
Front slope (°) n.d. 40 n.d. 20 28 nd

Only the mid-low portion of the higher rock glacier (n.
2 in fig. 7 and tab. 6) is almost lichen free and shows both
fresh breaks in the surface and «porridge-like» appearance,
which may testify to its present activity. To obtain further
clues regarding the presence of patches of sporadic perma-
frost, a campaign of measurements of bottom temperature
of winter snow cover (BTS) was carried out in the area.
This method was introduced in the '70s (Haeberli, 1973)
based on the hypothesis that, where the snow cover is long
lasting and thick enough to insulate the soil from thermal
exchanges with the atmosphere, the temperature of the
Earth surface directly depends upon underground tempera-
ture. When permafrost or buried glacial bodies are present
close to the topographic surface the measured temperature
is well below 0 °C, otherwise it is close to 0 °C, since the ex-
cessive heat is used for snow melting (Haeberli, 1985). Tt
has been empirically stated that BTS values lower than —2
°C indicate possible permafrost, whilst temperatures lower
than -3 °C testify to probable permafrost (Hacberli, 1973).

At the end of March 1993, 49 BTS measurements were
carried out: 13 on rock glacier No. 2 and on the neighbour
moraine and debris deposits, and 32 on the rock glaciers
No. 4 and No. 5. In 41 of the 49 sites, the thickness of the
snow cover exceeded 80 cm, thus ensuring a sufficient lev-
el and making the measurements acceptable (King, 1986;
1990). 1t should be emphasized that snow was much thick-
er (1.5 m, as an average; locally, over 2 m) on landforms
No. 4 and No. 5 than on No. 2 (95 cm, on average). More-
over, on the latter, hypothetically considered as active due
to its morphology, relatively high temperatures were meas-
ured, theoretically not compatible with the presence of
permafrost. On the other hand, permafrost seems to be
present in the slightly less elevated landforms, whose mor-
phology gives no hint of activity. This could lead to a dra-
matic revision of the morphodynamic attribution of the
rack glacier n. 2, whose particularly irregular morphology
could be due to recent activity of phenomena which are
different from the genetic ones.

Anyhow, the gentler morphology of the other two rock
glaciers (No. 4 and No. 5) are not in contrast with the prob-
able presence of permafrost indicated by the BTS measure-
ments (11 of them gave values below -2 °C, with 7 meas-
ured temperatures below =3 °C). In fact, presence of per-
mafrost does not directly imply the existence of the mass of
interstitial ice necessary for the activity of the landforms.

Basing upon the climatic parameters elaborated for
the whole Maiella area, it was possible to hypothesize a
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thermal-nivometric framework for the Upper Cannella
Valley. The 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) are obviously affected
by substantial inaccuracy. This mostly derives from the
lack of recording weather stations in the study area and,
more in general, at high elevation. To significantly improve
this situation, we are planning to install mobile recording
stations in the Upper Cannella Valley, to be located in sites
that are instrumental for the reconstruction of local topo-
climates. Monthly averages of air temperatures are there
estimated to range between -8 °C and 6.5 °C, with an an-
nual mean of ca. 1.6 °C. Absolute minimum temperatures
should probably be around —28 °C, whilst maximum ones
should not exceed 20 °C.

The nivometric regime of the Upper Cannella Valley is
typical of high-altitude, low-mid latitude areas. This im-
plies a major maximum of snowfall in December-January
(corresponding with the period of maximum annual pre-
cipitation) and a secondary maximum in April, separated
by a less intense period. Anyhow, snowfalls are relatively
common for the whole period September-June (fig. 8).

As previously said, the thickness of snow cover, besides
on intensity and frequency of snowfalls, also depends on
the local effects of eolian erosion and deposition, ava-
lanches and different melting rates. Generally speaking, it
reaches its maximum in spring, when it can locally exceed
3 m. On the other hand, the complex dynamics of snow
may locally lead to almost total erosion of the snow cover
in areas particularly exposed to wind and along very steep
slopes and channels. As a consequence, it was impossible
to carry out BTS measurements on rock glacier No, 1,
since in March its surface was almost completely bare. Of
course, significant removal of snow cover leads to greater
thermal exchanges with the atmosphere, and therefore to
deeper freezing during the cold period and faster warming
during late spring (7.¢., from the beginning of May).

CONCLUSION

To sum up, it can be stated that in the Upper Cannella
Valley the climate, extrapolated from the records of sta-
tions located at a lower altitude, does not seem to be se-
vere enough to allow the preservation of permafrost. Any-
how, tdklng1 into account the concurrence of many meteor-
ological and topo-climatic factors, it can be inferred that
soil temperature should locally be much lower than the
values theoretically calculated. This may fully justify the
presence of small residual patches of sporadic permafrost,

The importance of microclimates (mostly connected
with morphology and aspect of the slopes) is testified by
BTS measurements carried out on rock glaciers and in
their neighborhood, which gave indications of the possible
presence of permafrost at altitudes of ca. 2300-2400 m. On
the other hand, they suggest the absence of frozen ground
below the landform located some 200 m higher, even
though it is the only one that shows landforms symptomat-
ic of a possible periglacial activity.
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