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Abstract. Climate change is a major global issue that impsaetgetation, agriculture, biodiversity and
human safety. These impacts are predicted to lemdatin the Mediterranean region. The aim of this
paper is to define how local climatic trends argectfng plant communities in the Tolfa-Cerite area
(Northern Latium), which is a semi-coastal areahvwiediterranean to broad-leaf vegetation. Climate
data analysis covered a long time period (1951-p06@nsidering 18 gauging stations. Data were
analyzed using geostatistical methods and desgigtiatistics. Climate trends and drought indicator
relation to different vegetation associations, wamalyzed using the zonal statistic tool (ArcGIS)ring

the investigated period, rainfall showed a unifatecreasing trend, while temperature increased, avith
irregular trend. The specialization of climatic alashowed a shift towards a thermo-Mediterranean
bioclimate. Local climatic trends showed to havereneevere impacts on specific plant communities
(mesophilous forests, endangered shrubland-pastades associations of meadows, etc). The obskrve
trends towards aridity occurred in many areas axvéry vulnerable plant communities. Considering the
predicted changes in climate conditions for the tegrhnean area, these communities will face déurt
aridity increase. A permanent monitoring of thesanmunities may increase the effectiveness of
conservation policies and sustainable regionalrmtan
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I ntroduction

Climate change is currently a major global cone@nee it could have heavy impacts
on living beings, including humans (e.g., Thomaslet 2004; Hoffman et al., 2009;
Fiorillo and McCarthy, 2010). Projected impacts anpass a broad range of effects:
the evolution of new plant associations (Jacksoth @werpeck, 2000), shifts in the
spatial distribution of tree species (e.g., Iversma Prasad, 1998; Tchebakova et al.,
2005; Téllez-valdéz et al., 2006), animal and ihspopulation decline or shifts
(Parmesan et al., 1999; Gibbons et al., 2000; Boetbal., 2009), reduced food
availability and loss in agricultural yield (Ciaed al., 2003; Mendelsohn and Dinar,
2003; Eiji Maeda et al., 2010; Tirado et al., 201dany studies (Melillo et al., 1995;
Bachelet et al., 2001; Hansen et al., 2001; Stefal., 2001; Neilson et al., 2005) agree
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in predicting widespread disruption of native esteypns caused by the change in
climate (see IPCC, 2000) being portrayed by Ger@iraulation Models (GCM) for the
near future (Crookston et al., 2010).

The Mediterranean regions are transitional climegdgions where it has been
hypothesized that climate changes may have promoueffects (Lavorel et al., 1998;
De Luis et al.,, 2001; Giorgi, 2006; Giorgi and L&dlo, 2008). In general, the
Mediterranean climate is characterized by cool, Wénter and hot, dry Summer
(Giacobbe, 1964; Henderson-Sellers and Robinso®l)19he study of several GCM
simulations shows a robust picture of climate cleanger the Mediterranean basin,
consisting of a long-term downward trend in raihfahount (Maheras, 1988; Kutiel et
al., 1996; Palutikof et al., 1996; Esteban-Parral.et1998; Osborne et al., 2000; IPCC,
2007; Giorgi and Lionello, 2008) and temperaturemaiag (Kutiel and Maheras, 1998;
IPCC, 2007) especially in the hot season. Finallj)as been well documented that
climate change “will lead to effects such as changerequencies of extreme weather
events” (IPCC, 2007). An increase in the seasoagbbility of climate has also been
predicted. However, the Mediterranean basin isatharized by a great variability of
climate types (Lionello et al., 2006) and mesoséaeddures. These features determine
climatic gradients within a region, driven by théeets of mountains, valleys and local
winds (Somot et al., 2008).

Moreover, climate change in synergy with desedifmn processes (Puigdefabregas
and Mendizabal, 1998; De Luis et al., 2001; Sivaayra007; Salvati et al., 2008), soil
erosion (Favis-Mortlock and Savabi, 1996; Williaetsal., 1996; Favis-Mortlock and
Guerra, 1999; Nearing, 2001; Pruski and Nearin@220learing et al., 2005) and land
degradation (Attorre et al.,, 2007) may affect, iffedent extents, vegetation (e.g.,
Sabate et al., 2002; Walther, 2003; Piovesan e2@0D8, Jump and Penuelas, 2005; Jiao
et al., 2009).

Bioclimatology is an ecological science dealinghwihe relations between climate
and the distribution of living species, which defigpecific bioclimatic regions (Rivas
Martinez, 1993; Rivas Martinez, 1996). Bioclimatndicators are based on formulas
that measure climatic factors and conditions thay npositively/negatively affect
vegetation and may correlate to the main type getegion of an area. The Tolfa-Cerite
area is a coastal and semi-coastal area in Cdtdaha] where it has previously been
hypothesized a transitional shift from a defined diteyranean to a Temperate
bioclimate (Blasi et al., 1999). Thus, vegetatidrihis area is likely to be sensitive in
relation to a shift in climate patterns, sincesitaiready on the boundary between two
bioclimatic areas.

Hence, the objective of this paper is to analyze iategrate geostatistical methods
and a bioclimatic approach to quantify the effexftsecent climate variations on actual
vegetation. The aims of this paper are to (i) dbscthe bioclimate and define the
climate trends within a sensitive study area thhoggostatistical analyses, and (ii)
relate these trends to vegetation defining whiah the plant communities that will
experience the greatest change in climate conditidhis analysis may be useful to
define which are the most vulnerable plant commesiin the area in prediction of the
projected climate changes for the Mediterraneambas

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(3):43-266.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kit., Budapest, Hungary



Savo et al.: Long-term changes in precipitation i@neperature patterns and their possible impactsegatation (Tolfa-Cerite area)
-245-

M ethods

Methodology for the analysis of climate and vegetatlata is detailed in separate
paragraphs.

Study area

The investigated area is located in the Rome prafeqdLatium, central Italy) and
covers a total surface area of 556 K(ffig. 1). The area is delimited between longitude
11° 44’ — 12° 11’and latitude 41° 55’ — 42° 14’ aihds bounded by the Tyrrhenian Sea
on the West, by the Monti Sabatini on the East,taedMonti Cimini and the Mignone
river on the North. The area is characterized lwjdads, hills and low mountains (the
highest peak of Tolfa Mountains is the Monte d8lazie, 616 m), which constitute a
single morphological element, but are defined Wyedent geological features. Some
mountains are of volcanic origin, others are fornbgdolder sedimentary deposits of
flyschoid origin (Devoto and Lombardi, 1977; Comtet al., 1980; Angelelli and
Faramondi, 1995; Lombardi, 2000). The Southernoseatong the coastline, is typified
by more recent geological formations with marind #uavial sediments.

The typical landscape is characterized by dispetseds and villages, a mosaic of
pastures, cultivated land and woodlands. This leaoks has been modified by a
millenarian human activity: the area is inhabitetts the end of the Bronze Age'(g™
centuries B.C.) (Mandolesi, 1999) and there arersé\archeological settlements and
historical monuments.

The 60% of the total surface of the study areaoered by woodland and semi-
natural vegetation (Blasi, 2010). In the lower pe#igetation is mainly Mediterranean
with forests dominated bQuercus ilexL. and plant communities of th@uercetea
ilicis. However, the 47% of woodlands is composed by bteafispecies (especially on
the hilly belt): Fagus sylvatical., Quercus cerrisL., Carpinus betulusL., Ostrya
carpinifolia Scop. andCastanea sativéMiller (Anzalone, 1961; Spada, 1977; Di Pietro,
2010). Atypical plant communities consist of pregriof Sulfur springs, low belt beech
forests and uncommon pastures communities @ymaro-Cichorietum pumili(Fanelli
et al., 2007). The area includes many sites oNaira 2000 network [the Tolfa hilly
area is a SPA (Special Protection Area) (Counai&ive 79/409/CEE)].

Tz

Figure 1. Geographical position of the considered gaugingistes within and nearby
the study area
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Climate data

Climate stations within 30km of the research areagompassing the broadest
possible elevation range, were selected to caphaesariation of the region (altitude
and distance from the sea).

Climate data were obtained from the CRA-CMA (Colisiger la Ricerca e la
Sperimentazione in Agricoltura — Unita di Riceraa [a Climatologia e la Meteorologia
applicate all’Agricoltura) for the period 1951-2003%tations with limited years of
registration were not considered. As regards thectss stations, years with lacking
periods of registration were eliminated from thelpaf data.

At the end of this initial screening, we analyzeatadregistered at six thermo-
pluviometric gauging stations (Allumiere, Bracciahp Cerveteri 2, Civitavecchia 1,
Maccarese, Tarquinia 1), seven pluviometric gaugstagions (Anguillara Sabazia,
Fregene, Ladispoli, Pantano Tarquinia, Rota, S&sstara, Tarquinia 2) and five
gauging stations with only temperature data (Cwatzhia 2, Civitavecchia 3, Palo
Laziale 2, Tarquinia Portaccia, Vigna di Valle).ugang stations with rainfall data are
13, with temperature data are 11. During the peli®81-1980 some of the gauging
stations were inactive (three for rainfall and fdor temperature). However, we
statistically interpolated the missing values femperature (see below). Nine stations
are within the study area while nine are neafhy.(1).

Climate indicators

For each station, the average was calculated oftbiethly and annual values of
maximum, minimum and medium temperature of montahd annual amounts of
rainfall. Higher and lower values of both temperatand rainfall were calculated.
Trends in temperature and in rainfall were alscuated on a seasonal basis.

Bioclimatic indexes allow synthesizing complex telas among different sets of
climatic data (Blasi, 1996). The following bioclita indexes were calculated:
Bagnouls-Gaussen Aridity Index (BGI) (Bagnouls a@aussen, 1953); Mitrakos
indexes, for cold and drought stresses (YCS, WCBS,YSDS) (Mitrakos, 1980);
Emberger rainfall index (Q) (Emberger, 1955); De rtdane aridity index (De
Martonne, 1926); Rivas Martinez indexes (It, Ic, 18s2, 10s3, los4) for defining the
bioclimatic areas (Rivas Martinez, 1993; Rivas Muez, 1996; Rivas Martinez and
Loidi Arregui, 1999). The moving average of tempera and rainfall was also
calculated, considering a window range of ten yéarshe whole study period (1951-
2007). The outputs of these analyses were userk&ecgraphs and spotlight trends in
variations of rainfall and temperature regimes tmdefine the most likely period of
shifting of climate conditions.

Temperature and rainfall data were then analyzetihgadata in two periods (1951-
1980 and 1978-2007), considering the 1980s asak lp@int, to highlight the variability
pattern and trends in their distribution (Giavasteal., 2009). For each station, the
averages of monthly and yearly rainfall and temjueea values were calculated
considering the two new periods and then compasgehrting any monthly, seasonal
and annual variation. Bioclimatic indexes were efabed for these new periods as well.
Three gauging stations (Cerveteri 2, Tarquiniarid &regene) were not used in this
comparison as regards the rainfall data since da&t@ missing for one of the two
periods. Temperature data were lacking at Cerv@tdPialo Laziale 2, Tarquinia 1, and
Tarquinia Portaccia for the period (1951-1980). SEhenissing data were interpolated
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using a simple linear regression method (Goova2@80). Rainfall is a parameter with

a nonlinear distribution, with random variationsatthcould seldom be inferred.

Temperature, on the other hand, has more reg@addrin a small area and is mainly
affected by elevation.

Geostatistical methods were used to interpolate Sih&tial correlation between
neighboring observations to predict attribute valaeunsampled locations in relation to
the distance and similarity of close stations (@ady Kriging - Tabios and Salas, 1985;
Phillips et al., 1992; Goovaerts, 2000; Attorreabt 2007). Rainfall and temperature
data were regionalized using a standardized Orglikarging interpolation method
(Benavides et al., 2007) using the Spatial Anaiyst in ArcGis 10.0 (ESRI, Redlands,
CA, 2006).

Climatic maps for the two periods were producedralation of several climate
parameters (Annual mean of medium temperature,ainmaan precipitation, mean of
minimum temperature of January and February; méamagimum temperature of July
and August; mean precipitation of October, NovembBecember and July). A standard
error prediction map was produced to estimate taeigion of the spatialization process
for each map (Hartkamp et al., 1999). Afterwarde tlaster files contained in the
ordinary kriging maps of the annual mean of medtemperature, the maps of annual
mean precipitation and the maps of the BGI indexewmgsed to obtain three new
derived maps. Values of the datasets of the pdrgd@®-2007 were subtracted from the
values of the period 1951-1978 using the ArcGIS toaster calculator” (in numerical
values), obtaining the following maps:

(i) map of the variation of the annual mean preaipn (difference between the total
amounts);

(i) map of the variation of the annual mean of med temperature (difference
between the two values);

(i) map of the difference of BGI values.

Vegetation and climate analysis

The vegetation map of the Rome Province (Fanelklgt2007) was uploaded in
ArcGIS. This map has a scale of 1. 25.000 and ftiaie the real vegetation areas
detailing the plant community syntaxa. Each polygorharacterized by a vegetation
type. However, since some vegetation categorie® wescribing very similar plant
communities, these polygons were re-categorizethanme comprehensive categories.
Then, the raster files (and related layers) of ttimee above mentioned (i-iii) maps
where overlaid to the vegetation map using ArcGIS.

The “zonal statistic” tool provided by ArcGIS wased to define the variation of
precipitation, temperature and BGI index valueseach vegetation category and each
polygon, considering minimum, maximum and the ageraalues. Polygons defined by
the same vegetation category have a diverse diiibin relation to climate patterns.

Results

Results on climate analysis are showed in summarggpaphs. The analysis of
climate change in relation to vegetation data eperted subsequently.
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Rainfall distribution

The Ordinary Kriging map of annual mean precipitatis reported irFig. 2 along
with the related standard error prediction mapis Ipossible to define an increasing
gradient of rainfall amount from the coast to the
uplands.
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Figure 2. Ordinary Kriging spatialization of annual mean pigitation (in mm) considering the
periods 1951-1980 (a) and 1978-2007 (b) and statha@aror map related to the whole period

During 1951-1980 Table 1) the rainiest month was November, while the driest
month was July. The highest value of annual rdir(ffl17.8 mm) was registered at
Rota (191 m above sea level); only at four gaugitagions the average annual rainfall
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is higher than 1000 mm. The highest value (166.5)mmmonthly rainfall was
registered at Bracciano 1 (228 m above sea leVab. lowest value of annual rainfall
(670.4 mm) was registered at Tarquinia 2 (14 m ebssa level, a.s.l.). The lowest
value of monthly rainfall (7.8 mm) was registeréd.adispoli (5 m a.s.l.) in July.

During 1978-2007 {able ) the rainiest month was October while the drieshth
was July. The highest value of annual rainfall (39®&m) was registered at Bracciano
1; at all the gauging stations the average anraiafall was less than 1000 mm. The
highest value (155.4 mm) of monthly rainfall wagistered at Anguillara Sabazia (160
m a.s.l.) in October. The lowest value of annuaifedl (569.0 mm) was registered at
Civitavecchia 1 (5 m a.s.l.). The lowest value obntinly rainfall (10.0 mm) was
registered at Ladispoli (5 m a.s.l.) in July.

In Fig. 2 it is showed the Ordinary Kriging map of Annual aneprecipitation (in
mm) of the two considered periods (1951-19B{y. 2a — 1978-2007Fig. 2b). The
decrease of rainfall is evident for the whole a@a] especially for the hilly areas. In
the study area, a decrease of annual rainfall me iut of 10 stations was observed
ranging from 18.5 % (81.5 mm) at Maccarese to 4.42%3 mm) at Tarquinia 2. A
slight (1.1 mm, 0.1 %) increase in annual raingaiount was observed only in Sasso
Furbara, an upland and wooded area. A reductigaimfall was also highlighted on a
seasonal basis. The decrease, considering thealtaamiount, was maximum during
Autumn, a typical wet season in the Mediterraneagion. The highest decrease in
annual rainfall, considering the absolute valuemim, was calculated for the Rota
station, with an estimated reduction of 203.8 m81Z2% of the total).

The moving average of the annual rainfall, cal&@ddbr pluviometric stations, also
highlighted a decreasing trend (an example is dexvinFig. 3).
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Table 1. Average monthly and annual values of precipitatiormm) for the two periods

(1951-1980 and 1978-2007). The variation in raihfehs calculated subtracting the more

recent period to the first one. The rainiest morgttesin bold, the driest months in italic
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*Variation in Annual Rainfall was obtained subtiagt the
Average Annual Rainfall of the period 1978-2007the Average

Annual Rainfall of the period 1951-1980.
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Figure 3. Moving average of annual rainfall measured at ttodaRstation with the related trend
line and R-squared value

Temperature regimes

The Ordinary Kriging map of annual medium tempemts showed irFig. 4. The
coastal area of Civitavecchia showed to be theebb#rea, while the Tolfa hilly area the
coldest one.

During the period 1951-198(0'éble 2 the hottest months were August and July,
with average medium temperatures between 21.6 °Quniere) and 23.9 °C
(Civitavecchia 2). Gauging stations that are lodatdong the coast (stations of
Civitavecchia, Fregene, Ladispoli, Maccarese, Padaiale 2, Pantano Tarquinia,
Tarquinia 1 and Tarquinia 2) registered an avewgaial temperature of 15.9 °C. In
inland areas (Allumiere, Anguillara Sabazia, Brano 1, Cerveteri 2, Rota, Sasso
Furbara and Vigna di Valle) the average annual ezatpre was lower (14.8 °C). The
highest value of the monthly average of maximumpterature (27.5 °C) was registered
at the gauging station of Maccarese. The coldesttmwas January with the lowest
values for Allumiere (6.5 °C medium temperature &8l °C minimum temperature).
The average minimum temperatures never fell beloWCQ except in one monthly
registration at Vigna di Valle (-1.4 °C in Februd956).

During the period 1978-2007T#&ble 3 the hottest months were July and August,
with average temperatures between 22.2 °C (Allusiand 25.1 °C (Civitavecchia 1).
At sea level (same stations as above), the aveaagaal temperature was 16.6 °C,
while in the inland area was lower (15.2 °C). Thighkst values of maximum
temperature were registered in August (mainly) widlues ranging from 27.8 °C
(Civitavecchia 1) to 26.3 °C in July at the stati@inAllumiere. The coldest months
were January and February, with the lowest valueAltumiere (6.1 °C medium
temperature and 3.4 °C minimum temperature). Therame minimum temperature
never fell below 0 °C, except in one monthly regison of Allumiere (-0.5 °C, January
of 1981).

In all stations, the comparison of the two temperatdatasets indicated that the
annual average temperature increased from 0.1 °Cl.@o °C. The increase in
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temperature was higher for minimum temperature tf@nmaximum temperature,

generally for all the considered stations. In a@Htisns, the maximum temperature
increased during the Summer, with a variable tremndhe other seasons. The moving
averages of mean annual temperature (calculatedh®rthermo-gauging stations)
generally showed an increasing treRiy. 5 shows the moving average of the minimum
annual temperature of the station of Vigna di Valle
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Figure 4. Ordinary Kriging spatialization of annual mean maah temperature (in °C)
considering the periods 1951-1980 (a) and 1978-20)and standard error map related to
the whole period
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Table 2. Average monthly and annual values of medium tenpergin °C) for the two

periods (1951-1980 and 1978-2007). The variatiotemperature was calculated

subtracting the more recent period to the first.oRlee coldest months are in bold, the

hottest months in italic
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* Values interpolated using the linear regressiaihuad.
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**Variation in Annual Mean Medium Temperature wdst@ined subtracting the Annual Mean
Medium Temperature of the period 1978-2007 to thawal Mean Medium Temperature of
the period 1951-1980
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Figure 5. Moving average of the annual minimum temperatuttheaistation of Vigna di Valle
with the related trend line and R-squared value

Bioclimatic I ndexes

During the period 1951-1980°éble 3, the calculation of Mitrakos indexes showed
that the station with the higher drought stresstibannual and Summer) was
Civitavecchia 1. The station with the highest csiess (both annual and Winter) was
Allumiere. According to the bioclimatic classificah of Emberger (Q), all stations with
available data were classified as humid. Accordinthe elaboration of Rivas Martinez
indexes, all the gauging stations belonged to theditddrranean area, excluding
Bracciano, Anguillara Sabazia and Rota, which diasswithin the Temperate area.
The values of the BGI indicated a humid climatedibthe stations.

During the period 1978-2007#ble 3, the calculation of Mitrakos indexes showed
that the station with the highest drought stresgh(lannual and Summer) was Fregene.
The station with the highest cold stress (both ahrand Winter) was Allumiere.
According to the bioclimatic classification of Emger (Q), Allumiere, Anguillara
Sabazia, Bracciano 1, Cerveteri 2, Ladispoli, R8&sso Furbara and Tarquinia 2 were
humid, while Civitavecchia 1, Fregene, Maccaresat&ho Tarquinia and Tarquinia 1
were sub-humid. According to the elaboration ofdRiWartinez indexes all the gauging
stations belonged to the Mediterranean area.

The comparison of Mitrakos indexes shows thatalbthe stations, the annual and
Winter cold stresses have markedly decreased iareeptage ranging from 1.3% to
31.7%. Summer drought stress has increased fommerity of stations (not for
Ladispoli); the annual drought stress has increased(but not for Ladispoli and
Tarquinia 2). The Emberger biclimatic classificatiof Civitavecchia 1, Fregene,
Maccarese, Pantano Tarquinia and Tarquinia 1 shiftem humid to sub humid.
According to the Rivas Martinez classification #le stations that were classified as
Temperate shifted into the Mediterranean belt. Adiog to the Rivas Martinez
classification three stations (Allumiere, Bracciah@nd Rota) change their ombrotype
(Rivas Martinez 1993) from humid to sub-humid; oththree other stations
(Civitavecchia 1 and Maccarese and Pantano Taajuohianged from sub-humid to
dry. The variations of the BGI values over the pesiods are showed Fig. 6.
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Table 3. Bioclimatic Indexes values for the two periods @-9980 and 1978-2007). YCS

Year Cold Stress; WCS
Drought Stress; Q

= Summer

Winter Cold Stress; YDS= Deaught Stress; SDS

Emberger rainfall index; Al= Ddartonne Aridity Index; IT

Omddhermic Index; 10S2=

Thermicity Index; Ic= Continentality Index; 10

Ombrothermic Index of

Ombrothermic Index of Summer plupteeious month); BGl= Bagnouls-

Gaussen Aridity Index

Ombrothermic Index of the warmest two months offSermlOS3

Summer; 10S4
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Climate change and vegetation

According to our analyses, the broadleaf foreststlae most affected by decrease in
annual rainfall amountT@ble 4 in the study area. Woodlands belonging to the
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vegetation associatidbarpino-betuli-Coryletum avellanaghich are located in narrow
valleys on tuff substrata (Fanelli et al., 2007@revsubjected to an average decrease of
rainfall of 196.4 mm over thirty years (the wholea, on average, had a annual rainfall
of 896.3 mm for the period 1951-1980 and of 767.2 or the second period).
Temperate woodlands dominated Qyercus roburl. (Hieracio racemosi-Quercetum
petraeaePedrotti, Ballelli, Biondi 1982) experienced a @=se in rainfall that ranges
from a minimum of 46.0 mm to a maximum of 214.3 rfy188.7 mm on average).
Chestnut forests of th@arpinion alliance, located on acid vulcanite soils, experesl

an average decrease of 187.0 mm while the forestmumities dominated bifagus
sylvaticaL. andllex aquifoliumL. [Anemono apenninae-Fagetum sylvati¢&entile
1969) Brullo 1984] in Allumiere were subjected talecrease of 180.0 mm of rainfall
(Fig. 7).

An average decrease of 161.2 mm of rainfall wasutalled for the thermophilous
sub-acidophilus woodland dominated Quercus cerrid.. [Rubio-Quercetum cerridis
(Pignatti E. e S., 1968) Bas Petroli et al. (1988)hich is the most widespread
woodland. Quercus ilexL. forests Viburno-Quercetum ilicis(Br.-Bl. 1936) Rivas-
Martinez, 1975] were not really affected by a daseein rainfall (only 27 mm). The
acidophilus communityRusco aculeati-Quercetum iliciBiondi, Gigante, Pignateli,
Venanzoni 2002 vaErica arboreal. experienced an average decrease of 144.0 mm of
rainfall. Some pastures also faced an importaniatoh of rainfall: e.g., meadows with
Gaudinia fragilis (L.) P. Beauv. andCynosurus cristatug. (-169.7 mm) Gaudinio-
Cynosurietum cristatFanelli 1997), prairies dominated IBasypyrum villosunL.)
Borbas Yulpio-Dasypiretunfanelli 1998) (-92.0 mm).

The plant communities more heavily affected by terapure increases are the
igrophilous broadleaf woodlands of the flood plaiGpecifically, the alluvial forests
dominated byAlnus glutinosgL.) Gaertn. Aro italici-Alnetum glutinosaéedrotti and
Gafta 1996) and the riparian poplar woodlanBspuletum albaelchou Yen-Cheng
1949) faced a temperature increase of 0.8 °C (geeraf the annual medium
temperature). The alophilous and sub-alophilousmeomties of dunes experienced an
increase of 0.7 °C. A moderate increase of temperatas also calculated f@astanea
sativaforests of theCarpinionalliance (0.5 °C).

Aridity index calculations display that shrub conmmiies faced the highest aridity
increase, including evolving stadia of the MeddesanQuercus cerriswoodland
(8.54) and communities of th®usco aculeati-Quercetum iliciBiondi, Gigante,
Pignateli, Venanzoni 2002 vdtrica arboreal. (7.02). Woodlands d€arpinus betulus
L. andCorylus avellanal. (Carpino betuli-Coryletum avellana&82 Ballelli, Biondi
& Pedrotti 1980) (5.81) also faced an increaseriditg. Among the forests, an increase
of aridity was also calculated for the re-colongziwoodland dominated buercus
pubescens(Roso sempervirentis-Quercetupubescentis Biondi 1986) (5.05) (BGI
shifting from 0.58 to 9.98 in different localities)
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Table 4. Zonal statistic analysis of the annual mean préatmn, annual mean of medium
temperature and of the BGI value [with the relasedface area (Area), Minimum (min),

Maximum (max), Mean (Mean) and standard deviat®R)] in relation to vegetation

syntaxa (from Fanelli et al

., 2007, mod)
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Figure 7. Forest communities (from Fanelli et al., 2007, maadthe area experiencing the
highest decrease in annual rainfall

Discussion

Climate change is a cutting edge topic of researthit has been widely analyzed,
predicted and forecasted at regional, national suptanational scale. However, how
climate could change is still controversial (espigiat local scale), as well as how it
could impact plants and other living beings. In tediterranean basin, which has
strong mesoscale features (Somot et al., 2008)] ienatic studies can contribute to
provide data in supporting or contrasting provisiomodels and theories at larger scale.
Our research, developed in a Mediterranean-Tengpdyatindary area (Blasi et al.,
1999) could provide useful data in this sense améte a positive background for
further studies. Our approach tested different oagh bioclimatic and geostatical, to
depict various aspects of the climate change inTibka-Cerite area in relation to
vegetation.

Our analysis seems to support the general negaémd in precipitation amount that
has been observed in other Mediterranean areasg{Giod Lionello, 2008). Projected
changes for the future (2071-2100) in rainfall gshs an average reduction of 8-36%
(minimum and maximum) in Central Italy (Giorgi ahtnello, 2008). According to
our results, precipitations are currently decraasih comparable rates. Moreover, an
increase in temperature has been observed, evtnisittrend is less evident in the
analyzed period. Projected changes in temperaGiggdi and Lionello, 2008), for the
same period, consist in an average increase of.2.7C (minimum and maximum).
Analyses suggest that climate change in the stedipn is trending to greater aridity,
and projections of climate change point to a furtisédity increase. Current trends in
climate conditions and future scenarios have inaplims for regional scale vegetation
as it has been tested for some Mediterranean ptanmunities or species (Martinez-
Vilalta et al., 2002; Thuiller et al., 2004; De Dadt al., 2008; Ogaya et al., 2011).
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It was observed a reduction in Autumn rainfall &mid phenomenon may reduce the
groundwater recharge. This reduction is partialjabhced by a certain increase of
rainfall during Summer, but this increase, whickexpressed in percentage, correspond
to a low increase in millimeters of rainfall. Tipienomenon is in countertendency at
projected increase of Summer drought. Geostatlstiethods for the regionalization of
rainfall were useful in defining its spatial diswtion; the comparison of the two
periods provided a visual and immediate output ftdnges in precipitation patterns.
This analysis spotlights a clear decrease in riiafaounts, especially in the hilly belt,
while this decrease is less marked along the cdast.result may be useful in planning
ad hocmanagement policies, especially as regards agrreylirrigation, management
of groundwater resources and natural vegetatiorsezoation. Two out of the four
forest communities that experienced the highestedese in rainfall amount are listed in
the Habitat Directive (92/43/CEE): tigastaneg9260) and-agusforests (9210).

Changes in temperature are less evident, but tlesséts might have been flattened
by average values. However, it was possible toligigha certain increasing trend in
temperature, and this increase was higher for mimmthan for maximum
temperatures. In the study area it seems alsdhilyatareas were more affected by this
increase in temperature values. This trend coulgdrgcularly worrying for the Tolfa
area since there grow extra-zonal forestsFafjus sylvaticaand other broad leaf
woodlands. An increase of temperature seems tdiyagi affect the growth of this
species (Sabate et al., 2002), but not if assatiaith a decrease in rainfall (Piovesan et
al., 2008).

The area showed transitional bioclimatic featuBkgi et al., 1999) in the first
analyzed period (1951-1980), but during the sequartbd it is possible to highlight a
reclassification of the whole area in the Mediteean bioclimatic belt. This may
indicate an ongoing process of vegetation shifty probably also a change in plant
distribution patterns but more analyses are redquioebetter understand this ongoing
processes.

In general, it seems that vegetation is experignaineduction of rainfall on the hilly
belt and an increase of temperature on the coastak. However, it is not possible to
quantify the possible effects of climate changevegetation since long term studies are
required to better understand this dynamic and ¢éexnmteraction. A reduction of
rainfall and an increase of temperature, togetlead to an increase in climate aridity
which, however, is more marked on the hilly belts@ it is noteworthy that many
forest associations are facing this problem witlgraater extent than other plant
communities. Among them, the less vulnerable, &rdrost affected by aridity, are the
riparian forest and the broadleaf tree communities.

Conclusions

This study highlighted a variation in climatic camohs using different analyses and
approaches. It also highlighted that these vanatioccurred in many areas covered by
vulnerable plant communities. These variations taparticularly dangerous for extra-
zonal forests that usually grow at higher elevaiamd represent a very distinctive
element of the landscape of the area. Moreoveedadation in rainfall and a shift of
precipitation patterns could reduce the recharggrotindwater, thus affecting both
agriculture and water availability for the rapidjyowing urban settlements in the area.
Conservation policies and sustainable regional rpfen are needed to effectively
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protect these vulnerable plant communities. They menefit from a permanent and
integrated monitoring system of climate conditiansl plant distribution.
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