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Fig. 1 – Location of the four meteorological stations on tops of  the 

Tuscan Apennine Alps.                                   

Research Question

Does temperature change in similar ways in the 

Central Apennine Alps in Italy over the 20th 

century?

School of Geography and Environmental Sciences

Variability in similarity of monthly  

mean temperature trends 

Conclusions

• This research highlights the importance of variability in trends of mean

temperature at the local level when effects of climate variations are

investigated. Although temperature alterations at the regional level may show

a main tendency (i.e., warming), potential effects on forest species at the local

level may vary greatly.

• In the Tuscan Apennine Alps, similarity in trends of seasonal and monthly

mean temperatures amongst sites is non-stationary even between sites at short

distance.

• Master series of seasonal mean temperature appear to fail in detecting

alterations that occur at the monthly level, which are important to identify

possible effects in tree growth and health.

• Despite a main tendency of temperature to increase over recent decades,

there are months and sites where a slight cooling would occur. This may affect

tree species in ways that unlikely could be generalized or predicted unless

investigated at the local level.

• Regional or higher scale trends in temperature may smooth variability at the

local level that may have relevant effects on tree growth and health instead.
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Similarity in trends of seasonal mean temperature over time amongst sites was tested

by 7-yr moving averages of Pearson‟s r between paired sites. Results show that

similarity in trends amongst sites is non-stationary and varies irregularly with season

and period (Fig.4). For example, Pearson‟s r varies from >-0.8 to <1.0 in spring

between CAM and VAL in the second half of the 1920s, and from >-0.4 to <0.9 in

winter between ABE and CAM in the second half of the 1960s.

Fig. 2 – Seven-years moving averages of winter mean temperature at the four study 

sites. ABE is Abetone, CAM is Camaldoli, LAV is La Verna, and VAL is Vallombrosa.

Table 1 – Elevation (m. asl), UTM coordinates, and period of data 

available for the four meteorological stations.

The Object

In 2009, the School of Geography and

Environmental Science of Monash University

(Australia) signed a research protocol with the

“Corpo Forestale dello Stato, Uffici per la Tutela

della Biodiversità” at Pratovecchio (province of

Arezzo, Tuscany) and Vallombrosa (province of

Florence, Tuscany). The aim of the research

program was to investigate the relationships

between recent and historical variability of

climate, soil and site factors in the Tuscan Alps

on the diffusion and severity of the „but rot‟ in

silver fir (Abies alba Mill.). „Rot but‟ severely

affects silver fir forests at the study area (Fig. 1),

and how climate alterations may impact on

intensity and diffusion of the complex disease is

very important for conservation and management

of the species. Therefore, one of our primary

objectives was to determine if temperature trends

show alterations during the 20th century at the

study area, the alterations are similar amongst

sites (Tab.1), and master series of seasonal and/or

monthly mean temperatures could be identified.

Site Abetone

(A)

Camaldoli

(C)

La Verna 

(L)

Vallombrosa

(V)

Elevation 

(m. asl)

1340 1111 1120 955

UTM 

Coordinate

s

N 4889150.00 4853040.00 4843695.00 4845450.00

E 633615.00 727035.00 736295.00 706000.00

Period 

available

Temp. (oC) 1872-2006 1885-2003 1956-1990 1934-1996

Prec. (mm) 1872-2006 1931-1996 1924-2006 1921-2003

Seasonal climate trends

Statistical analysis show different trends in seasonal mean temperature at

the four sites (Fig. 2). For example, the 1960s at Abetone features a very

warm period that does not occur at the other study sites; a change in

winter mean temperature from <0.0oC to progressively >0.0oC at

Camaldoli in the 1950s; low or moderate correlation of Abetone with the

other study sites (Table 2); changes in level of similarity between seasonal

mean temperature series with site and season (Fig. 3).

Pearson

r

Spearman

r

Kendall

t

Winter 0.51 0.49 0.38

Spring 0.66 0.70 0.54

Summer 0.51 0.52 0.39

Autumn 0.71 0.73 0.32

Table 2 – Higher values of Pearson, Spearman, and Kendall coefficients of correlation of

Abetone‟s seasonal mean temperatures when tested versus the seasonal mean

temperatures at the other study sites (Camaldoli, La Verna, and Vallombrosa)
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Fig. 3 – Dendrograms of winter (left) and summer (right) mean temperature series at

ABE, CAM, LAV, and VAL produced by agglomerative hierarchical clustering. Level

of similarity in seasonal mean temperature series and grouping of sites change with

season.
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Fig. 4 – Seven-years moving averages of Pearson‟s r correlations of winter and summer mean

temperature chronologies between paired sites. Similarity between sites appears to vary greatly

and irregularly during the 20th century at the study area.
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High variability in similarity between seasonal mean temperature series and changes in

the level of association between sites with season would suggest that unlikely master

series of seasonal temperature could be adopted to verify effects of climate alterations

on forest trees‟ growth and health. In addition, the seasonal level in variability of mean

temperature does not show if changes in similarity in site and season depend on one or

more months, and this is very important in order to understand if and how potential

impacts of alterations in temperature trends may differ at the local – but real – scale.

Therefore, monthly mean temperature trends at the study area were analysed with

statistical methods similar to those that were applied to seasonal mean temperature

trends.

Results show a complex scenario of differences in trends of monthly mean

temperatures; high inter-annual variability is present in all months and sites at the study

area. It is observed that

- although the prevailing tendency in monthly mean temperature is to increase at the

regional scale, decrease in monthly mean temperature is noted in some months at

different sites. For example, December mean temperature decreases at ABE from the

1960s but increases at VAL, and vice versa during the 1950s (Fig. 5);

- despite the short distance between CAM, LAV, and VAL, and similar elevation at

CAM and LAV, the regime of mean temperature in winter months changes from <0.0oC

to progressively >0.0oC in the 1950s only at CAM;

- the 1960s area very warm period only at ABE, the upper site (1340m asl);

- level of association of monthly mean temperatures amongst sites varies over time.

Similarity in trends of monthly mean temperature over time amongst sites was

tested by 7-yr moving averages of Pearson‟s r between paired sites. Results show

that similarity in trends amongst sites is non-stationary and varies irregularly with

month and period (Fig. 6).
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Fig. 5 – December mean temperature and respective seven-years moving averages at Abetone

and Vallombrosa.
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Fig. 6 – Seven-years moving averages of Pearson‟s r correlations of January and July mean

temperature chronologies between paired sites at the study area. Similarity between sites

appears to vary greatly and irregularly during the 20th century at the study area.


