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MONTE MORELLO SITE, ITALY 

 
Vegetation characterization 

 

Data collection and analysis  

The first vegetation characterization was performed during the plots central stake positioning as 

showed in Figure 1. During this phase a quick description of each monitoring sub-plot was carried 

out and the attributes reported in Table 1 were visually estimated. All sub-plot has been classified 

according the European Environment Agency - European forest types scheme (EEA-EFTs). Results 

of the forest preliminary survey are reported in Table 2. After the realization of the first monitoring 

phase (before silvicultural application) more accurate description will be available. 

During the monitoring phase a deeper survey was conducted before the silvicultural operations in 

order to characterize the reference vegetation status according the project monitoring protocol (see 

deliverable D1a). The vegetation was surveyed for each monitoring sub-area and the species 

composition was carried out for each plot both in terms of total biomass (Table 3) and in terms of 

tree frequency (Table 4). The biomass-based composition better shows the current picture of the 

species composition, while the frequency-based composition highlights the short-term composition 

dynamics of the ecosystem. Also the biometrical assessment of each plot was carried out and results 

are reported in Table 5. 

 
Table 1. Attributes visually estimated and collected during the vegetation characterization. 

Attribute Unit Classes 

main species - 
1) Pinus brutia; 

2) Pinus nigra 

average distances between trees m - 

crown coverage % 5% width classes 

top height m - 

mean diameter at breast height cm - 

deadwood - 
1) missing; 2) rare; 3) significant; 

4) abundant 

slope % 
0) 0-10%; 1) 10-30%; 2) 30-50%;  

3) > 50%. 

stone presence - 
0) missing; 1) rare; 2) significant;  

3) abundant; 4) critical. 

 

 

 
Figure 1a. Localization of the Italian demonstration site. 
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Figure 1b. Distribution of monitoring sub-areas over the demonstration site. 
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Results  

During the preliminary survey all plots has been classified as Plantations of site-native species 

(EEA-EFTs code: 6.14.1) this was confirmed also by surveys realized during the monitoring phase. 

 

Table 2. Results of forest preliminary survey. 
ID sub 

plot 
Main species 

Mean tree 

distance (m) 

Crown coverage 

(%) 

Top height  

(m) 

Mean DBH 

(cm) 
Deadwood Slope Stone 

1.1 Pinus brutia 3,5 70 20 30 significant 1 0 

1.2 Pinus brutia 3,5 70 20 30 significant 1 0 

2.1 Pinus brutia 3 70 20 30 significant 1 0 

2.2 Pinus brutia 3,5 70 20 30 significant 1 2 

3.1 Pinus brutia 4,5 70 20 30 significant 2 2 

3.2 Pinus brutia 4,5 60 18 30 significant 2 4 

4.1 Pinus nigra 3,5 70 23 35 abundant 3 3 

4.2 Pinus nigra 4,5 65 26 40 abundant 2 3 

5.1 Pinus nigra 4,5 60 20 35 abundant 1 1 

5.2 Pinus nigra 5 50 16 30 abundant 1 1 

6.1 Pinus nigra 4 60 16 30 abundant 1 1 

6.2 Pinus nigra 3 70 19 35 abundant 2 4 

7.1 Pinus nigra 3,5 70 19 35 abundant 1 2 

7.2 Pinus nigra 4 60 19 35 abundant 1 2 

8.1 Pinus nigra 3,5 70 22 30 abundant 1 2 

8.2 Pinus nigra 4 60 20 30 abundant 1 2 

9.1 Pinus nigra 4 70 19 30 abundant 2 1 

9.2 Pinus nigra 4,5 70 22 35 abundant 1 2 

 

 
Indeed, currently the overall composition is typical of a coniferous plantation, more than 80% of 

biomass is characterized by pines and cypress species. Moreover an additional 10% of Turkey oak 

is present; it belongs to the main tree layer and was established artificially during the plantation 

operations together with pines and cypresses. It is important to note the strong concentration of 

biomass on the Brutia pines. This species demonstrated the best adaptation to Monte Morello 

climatic and edaphic conditions. The European black pine shows a lower presence in terms of 

biomass, even though it covers a larger area across the demonstrative site. This aspect demonstrated 

black pine inadequate adaptation to climatic and edaphic conditions in this site.  

In terms of frequency, the overall composition resulted in an ash relative predominance. This aspect 

is determined by the strong presence of small ash trees in the understory layer. On one hand this can 

be an indication of the current site conditions that are favourable for this species. On the other hand 

these conditions must be carefully analyzed, since they can be the result of the current (and 

transitional) presence of a continuous canopy cover. During the incoming (human-caused or 

natural) thinning phase, the good conditions for the ash can be compromised in favour of other 

shade-intolerant species. 

Anyway, this overall species composition is a summary of single plots composition reported in 

Tables 3 and 4. It is evident how there is a strong variability among plots both in terms of biomass 

and tree frequency. The biomass-based composition shows that there are one Turkey oak dominated 

plot (plot 4) and other plots where Turkey oak, cypress or other broadleaves (mainly white oak) are 

co-dominant (such as plots 3, 4, 6, 8 and 9). Analogously, in terms of tree frequency some plots are 

ash or cypress dominated or co-dominated (plots 4 to 9). 

 
Table 3. Plots and overall species composition based on total tree biomass. The “greenness” indicates the 

predominance of the species in the plot. 
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Plot 
Other 

Conifers 

Other 

Broadleaves 

Turkey 

oak 
Cipress Ash Brutia pine Black pine 

1 0,0% 0,0% 0,0% 2,6% 0,1% 97,3% 0,0% 

2 0,0% 0,0% 0,0% 0,0% 0,4% 99,6% 0,0% 

3 0,7% 19,2% 0,7% 0,0% 0,8% 77,2% 1,4% 

4 13,8% 1,3% 45,6% 3,9% 0,5% 0,0% 34,8% 

5 0,0% 0,5% 19,0% 3,0% 2,6% 0,0% 75,0% 

6 0,0% 0,8% 29,8% 8,5% 7,0% 0,0% 54,0% 

7 4,3% 0,2% 20,1% 12,9% 2,2% 0,0% 60,3% 

8 0,0% 0,0% 10,4% 40,5% 1,0% 0,0% 48,1% 

9 1,1% 0,1% 2,7% 30,3% 2,4% 0,0% 63,5% 

Overall 1,4% 2,6% 10,4% 9,3% 1,6% 43,5% 31,1% 

 

 

Table 4. Plots and overall species composition based on tree frequency. The “greenness” indicates the 

predominance of the species in the plot. 

Plot 
Other 

Conifers  

Other 

Broadleaves 

Turkey 

oak 
Cipress Ash Brutia pine Black pine 

1 0,0% 0,0% 0,0% 3,7% 1,9% 94,4% 0,0% 

2 0,0% 0,8% 0,0% 0,0% 9,9% 89,3% 0,0% 

3 3,6% 35,7% 0,9% 0,0% 11,6% 47,3% 0,9% 

4 5,0% 23,3% 11,7% 5,0% 33,3% 0,0% 21,7% 

5 0,0% 8,0% 9,3% 2,1% 51,1% 0,0% 29,5% 

6 0,0% 5,3% 7,8% 5,3% 63,9% 0,0% 17,6% 

7 1,4% 2,8% 11,7% 11,7% 43,9% 0,0% 28,5% 

8 0,0% 0,0% 6,9% 44,0% 24,5% 0,0% 24,5% 

9 1,0% 1,9% 2,9% 20,2% 53,8% 0,0% 20,2% 

Total 0,8% 6,6% 6,2% 11,0% 38,7% 18,4% 18,3% 

 

Also the main forest biometrical parameters were calculated in order to define the reference values 

before the silviculture application. They are reported below in table 5.  

 

 

 

 

 

Table 5. Plots and overall biometrical parameters. 

Plot 
Tree density 

(stems/ha) 

Mean height 

(m) 

Mean DBH 

(cm) 

Tree cover 

(%) 

Shrub cover 

(%) 

Growing stock 

(m3/ha) 

1 998 21 34 70 17,5 877,2 
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2 1140 20 31 70 25 842,0 

3 857 18 31 65 32,5 589,1 

4 603 17 31 67,5 22,5 437,4 

5 1008 16 27 55 20 508,0 

6 1055 14 22 65 20 355,0 

7 1111 16 26 65 22,5 518,6 

8 1130 16 24 65 15 426,9 

9 923 16 26 70 17,5 423,6 

       Min 603 14,0 22,0 55,0 15,0 355,0 

Mean 981 17,1 28,0 65,8 21,4 553,1 

Max 1140 21,0 34,0 70,0 32,5 877,2 

 

 

Climatic characterization 

 
Data collection and analysis  

 

Due to the lack of representative and long meteorological time-series data, we used datasets from 

the Climate Research Unit (CRU), University of East Anglia, UK, for mean temperature and total 

precipitation in the period 1901–2014, and for Palmer drought severity index (PDSI) in the period 

1901–2012 (CRU selfcalibrating PDSI), gridded on a 0.5×0.5 degree network and at monthly and 

daily resolution. The chosen climate data, corresponding to the closest grid point to the two areas in 

which the sites are located, were taken from the website of the Royal Netherlands Meteorological 

Institute (http://climexp.knmi.nl/).  

The PDSI uses air temperature, cumulated rainfall and field water-holding capacity to compute a 

standardized measure of soil moisture ranging from -6 to 6, which corresponds to extremely dry and 

wet soil conditions respectively (Dai et al., 2004).  

In investigating drought periods we also used the Standardized Precipitation–Evapotranspiration 

Index (SPEI) at 1-month time-scale in the period 1901– 2013. The SPEI is a new multiscalar 

drought index based on monthly precipitation and potential evapotranspiration from the CRU 

datasets, with a spatial resolution of 0.5° (Vicente-Serrano et al., 2010; Beguería et al., 2010 − 

http://sac.csic.es/spei/).  

The presence of climatic trends was assessed using the Mann–Kendall non-parametric test (Brunetti 

et al., 2006; Hamed, 2008). 

 

Results 

The climate is typically Mediterranean, with precipitation concentrated in the period from autumn 

to early spring and a dry summer in which July is the driest month, while October and, especially, 

November are the most rainy months.   

According to our dataset, during the last decades (from the early 1980s) the total annual rainfall is 

1003 mm and the average annual temperature is 13.9 °C (Figure 2, right). January 1985 appeared as 

the coldest month recording minimum absolute temperatures of about -12.36 °C, while during 

August 2003 and July 1983 maximum temperatures of about 39.2 have been reached.  

Regarding precipitation, 2005 was the rainiest year with 1241.8 mm of total yearly precipitation, 

with October, November and December accounting for more than half of the total amount of 

precipitation. On the contrary, 2011, 2007 and 2006 were the less rainy years with 491 mm of total 

precipitation on average. 

http://sac.csic.es/spei/
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Considering climatic data from the second half of the twentieth century, a significant reduction of 

winter-early spring precipitation of about 20 % occurred during the last thirty years (from the 

1980s) compared to that of the previous period (Figure 2). Moreover, comparing these two time 

periods, during the summer season appeared a significant drought period characterised by a water 

deficit that in the previous thirty years was negligible. 

 

 
Figure 2. Walter & Lieth (ombrothermic) climatic diagrams of the study site for the two periods considered 

from the second half of the twentieth century. Average annual temperature and the total annual rainfall (top). 

Mean maximum temperature of the warmest month and mean minimum temperature of the coldest month 

(beside the left y-axis). The dotted area indicates seasonal water deficit. 

 

The main climatic variables showed an increase in significant trends from the eighties. At a 

seasonal scale, the highest upward and/or downward trends occurred in spring and summer, 

showing in most cases a similar pattern to that of the yearly trend. 

The increase in summer temperature from the 1980s was the most significant trend (Table 3). This 

climatic pattern was also evident for yearly and spring temperatures with the highest values from 

1994 to 2013, as showed by decadal and multi-decadal (20-years) means (Figure 3, on the right y-

axis). Other periods characterised by high temperatures occurred from 1944 to 1953 both for spring 

and summer values and during the 1920s only for spring temperatures. 

As temperature, the amount of precipitation also showed significant trends in yearly, spring and 

summer values from the 1980s. Other significant downward trends were found during the 1960s on 

yearly basis and during the 1940s and 1920s for spring and summer values, respectively (Table 3).  

From the second half of the twentieth century, the period characterised by the less amount of 

precipitation was from 1994 to 2013 for yearly and spring values and up to 2004 for summer ones, 

as showed by decadal and multi-decadal means (Figure 3). Over the twentieth century, other periods 

with few amount of precipitation occurred during the 1950s and 1920s for spring and summer 

values, respectively (Figure 3). 

The main periods characterised both by an increase in temperature and a decrease in precipitation 

were also highlighted by the drought indexes (Figure 4). PDSI showed the highest downward trends 

(Table 3) and a similar pattern to that of temperature values, while the SPEI trends were similar to 

those of precipitation amounts. 

 
Table 3. Main trends of the climatic variables at the Italian study site (Monte Morello) assessed with the 

Mann–Kendall test (τ). *: p<0.05; **: p<0.01; ***: p<0.001. PDSI: Palmer Drought Severity Index; SPEI: 

Standardized Precipitation–Evapotranspiration Index; SAI: Standardized Anomaly Index; Winter: DJF, 

Spring: MAM, Summer: JJA, Autumn: SON. 

 

Climatic variable Period Tau (τ) 
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Precipitation 

year 1960-1974 -0.56 ** 

year 1978-2013 -0.35 ** 

Winter 1979-1993 -0.54 ** 

Spring 1934-1955 -0.54 ** 

Spring 1978-2013 -0.36 ** 

Summer 1910-1928 -0.38* 

Summer 1989-2004 -0.47* 

Mean 

temperature 

year 1978-2013 0.51 *** 

Spring 1978-2013 0.34 *** 

Summer 1978-2013 0.61 *** 

Autumn 1978-2013 0.46 *** 

PDSI 

year 1977-2012 -0.69 *** 

Spring 1977-2012 -0.64 *** 

Summer 1977-2012 -0.67 *** 

Autumn 1977-2012 -0.55 *** 

 

SPEI 

 

year 1978-2013 -0.37 ** 

Spring 1978-2013 -0.35 ** 

Summer 1980-2004 -0.36 ** 

Summer 1910-1928 -0.39 * 

 

The spectral density of the climatic variables displayed the main patterns in the frequency domain. 

Regarding precipitation, at seasonal scale the autumn values exhibited the highest variance for both 

high and low frequencies (Figure 5). Moreover, precipitation fell in autumn appeared to have a 

great  influence of the yearly precipitation variability, as showed by the highest squared coherency 

which is used to identify significant frequency-domain correlations (Figure 5). 

On the other hand, the spectral density of mean annual temperature exhibited lower variance 

compared with seasonal values and it did not seem to be a clear seasonal correlation in explaining 

the main annual variance, although summer and spring values showed a slightly higher squared 

coherency in the low frequencies (Figure 5). 

 

 
Figure 3. Main trends of mean temperature (top) and precipitation (bottom) at the Italian study site (Monte 

Morello). Values scaled on the right y-axis indicate decadal and multi-decadal (20-years) means. Bold 

horizontal lines indicate decadal and multi-decadal period with the highest and lowest values of the two 

climatic variables. 
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Figure 4. Main trends of PDSI (top) and SPEI (bottom) at the Italian study site (Monte Morello). Values 

scaled on the right y-axis indicate decadal and multi-decadal (20-years) means. Bold horizontal lines indicate 

decadal and multi-decadal period with the highest and lowest values of the two climatic variables. 

 

Regarding the drought indexes, the yearly SPEI displayed lower variance than seasonal values in 

the full spectrum and, as precipitation, the autumn SPEI exhibited the highest squared coherency 

with yearly values. PDSI showed similar patterns at yearly and seasonal scale, especially in the low 

frequencies (Figure 5). 

 

 
Figure 5. Spectral density and squared coherency of mean temperature, precipitation, PDSI and SPEI. Y: 

year, W: winter, Sp: spring, Su: summer, A: autumn. 
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Similarly, spectral estimates by multi-taper spectrum (MTM) showed both for precipitation and 

SPEI the greatest number of significant and common peaks between yearly and autumn values in 

the high frequency band-pass (at 2.2, 2.3, 2.9, 5.4 years) (Figure 6). 

On the other hand, no clear patterns were found for temperature and PDSI without significant and  

common peaks between yearly and seasonal values. 

 
Figure 6. Multi-Taper Spectrum (MTM) for the main climatic variables. Horizontal dotted lines indicate 

95% and 99% significance levels. Numbers indicate significant spectral peaks at annual scale. 

 

The wavelet spectrum for the precipitation and SPEI values at annual scale shows similar patterns 

characterised by significant energy spread over a high frequency band from 2-4 yr (Figure 7). The 

highest power spectrum of high frequency variability appeared around the late 1930s and during the 

first decade of 2000s. Moreover, from the 1950s a significant low frequency variability appeared 

and it is confined to a band from 15-30 yr, but multidecadal power may be reduced by the effects of 

zero padding near the end of the time series (Torrence and Compo, 1998). Two noticeable 

breakdowns in high frequency variability occurred in the mid-19th century and from 1970s to early 

1980s, to about around the beginning and the increase of the significant multidecadal frequency 

band range (Figure 7). 

PDSI showed only significant energy over a muldidecadal band similar to SPEI, while less clear is 

the significant low frequency variability confined to a narrower band centred on 16 yr during the 

1950s for mean temperature. 
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Figure 7. Wavelet power spectrum for the main climatic variables. Black contours in the power spectra 

represent the 95% confidence level based on a red-noise background. The cone-shaped net depicts areas of 

the spectrum susceptible to the effects of zero padding (Torrence and Compo, 1998). 
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XANTHI Site, Greece 

 

Vegetation characterization 

 

The peri-urban forest of Xanthi (41º 09΄ 27.33΄΄ N - 24º 54΄ 09.80΄΄ E) (Figure 8) is located in an 

area of 2366,137 ha and is a part of Xanhti –Gerakas – Kimerion public forest. In 2006, it has been 

nominated as protected forest. The elevation ranges from 100 up to 630 m. In the closest 

meteorological station, at an elevation of 80 m, on average, the forest soils are mainly sandy clay. 

The planting activities began in 1936 and took place periodically up to 2007, even though most of 

them were made till 1973. In the reforestations Pinus brutia was mainly planted. P. maritima, P. 

pinea, Cupressus spp. and P. nigra, as well as some broadleaves like Robinia pseudoacakia have 

also been used. In many areas there is an understory of broadleaves (Quercus spp., Carpinus 

orientalis etc.). All plots has been classified as Plantations of site-native species (European 

Environment Agency - European forest types code: 6.14.1). Moreover, in some areas broadleaves 

appear as individuals or create formations of mainly small dimensions. In the highest elevations of 

the peri-urban forest of Xanthi there are formations Fagus sylvatica L. s.l. In some areas, 

silvicultural treatments (like thinnings, prunings etc.) took place. Moreover, other interventions for 

the protection from erosion have been made in very small areas. In the better sites of the forest, 

broadleaves are beginning to reoccupy the growing space; thus, a mixed forest is created. 

The peri-urban forest of Xanthi is vulnerable to forest fires, which can destroy vegetation cover and 

lead to erosion. Moreover, great amounts of CO2 can be released into the atmosphere. Using the 

appropriate silvicultural treatments, the reestablishment of broadleaves will be accelerated and will 

appear in more sites. Also, a future fire will not be so catastrophic as in the case of a pine forest, 

while through sprouting of broadleaved plants, vegetation cover of the area will be restored very 

soon and protect the soil from erosion. 

 

 
Figure 8. The area of Xanthi. 

 

 

Climatic characterization 

 

In the closest meteorological station (located in the town of Xanthi), the mean annual precipitation 

is 675 mm and the mean annual air temperature is 15.5 
o
C (Papaioannou 2008). In the higher 

elevations climate is probably cooler and wetter (Figure 9). Available data are given in Table 4.  
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Table 4. Climatic data. 

 mean air temperature (°C) mean monthly precipitation (mm) 

January 5,3 56,8 

February 6,3 66,4 

March 8,8 47,2 

April 14,1 57 

May 19,7 48,8 

June 23,9 60,5 

July 25,9 33,5 

August 26,3 28 

September 22,2 27,2 

October 16,4 36,3 

November 10,4 109,9 

December 6,8 103,4 

 

 

 
Figure 9. The ombrothermic diagram of Xanthi. 

 

 

Long meteorological time series data 

 

Meteorological time series data from the KNMI Climate Explorer <http://climexp.knmi.nl> were 

used to describe mean temperature and total precipitation, for the period 1901-2009, and Palmer 

Drought Severity Index (CRU self-calibrated PDSI), for the period 1901-2002. Since data for the 

Greek study area (Xanthi peri-urban forest, with coordinates 41.157592N, 24.902722E) weren't 

available, the closest grid point was used, i.e. Alexandroupoli (ECA station code 834), with 

coordinates 40.85N, 25.93E. For PDSI, the closest grid had coordinates: longitude=24.500 to 

25.000, latitude=41.000 to 41.500. Data and metadata available at http://www.ecad.eu (Klein Tank 

et al. 2002) (Figures 3-5). 

 

http://www.ecad.eu/
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Primary graph 

 

 
Two annual cycles 

 

 
Anomalies with respect to the above annual cycle 

Figure 10. Montly mean temperature. 
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Primary graph 

 

 
Two annual cycles 

 

 
Anomalies with respect to the above annual cycle 

 
Figure 11. Monthly GHCN v2 precipitation (all). 
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Primary graph 

 

 
Two annual cycles 

 

 
Anomalies with respect to the above annual cycle 

 
Figure 12. Monthly CRU scPDSI 3.21 24.902722E 41.157592N Index. 

 

The Standardized Precipitation-Evapotranspiration Index (SPEI) was extracted from the SPEI 

database < http://sac.csic.es/spei/index.html> (Vicente-Serrano et al. 2010; Begueria et al. 2010), 

for the grid point closest to the study area (coordinates 41.25N, 24.75E). The relative database of 

SPEI is found in meteo-calc.xls. 

The Standardized Anomaly Index - SAI was calculated as t
t

R
I






 , where Rt denotes the total 

annual precipitation, μ and σ are the mean and standard deviation of the long-term precipitation, 

respectively (Katz and Glantz 1986). Analytical calculations of SAI are found in meteo-calc.xls 

(years with the lowest amounts of precipitation are highlighted in yellow). 

The rank-based non-parametric Mann-Kendall test (Brunetti et al. 2006; Hamed 2008) was 

applied to the long-term data, to detect statistically significant climatic trends. The hypotheses of 

this test are: 

H0: there is no trend in climatic data over time 
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H1: there is a trend (increasing or decreasing) over time. 

The mathematical formulas for calculating Mann-Kendall statistic S, its variance V(S) and 

standardized test statistic Z are as follows: 
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where Xi and Xj are the time series observations in chronological order, n is the length of time 

series, tp is the number of ties for the p-th value, and q is the number of tied values. Positive Z 

values indicate an upward trend in the time series; negative Z values indicate a negative trend. If 

1 /2aZ Z  , H0 is rejected and a statistically significant trend exist in the time series. The critical 

value of Z1-a/2, for a=0.05, is 1.96. 

In order to examine climatic trends, we used precipitation and temperature data. Total annual 

precipitation, for the years 1951-1990, showed a significant decreasing trend (Z=-2.60), while mean 

annual temperature, for the years 1998-2004, showed no trend (Z=-0.30). Mann-Kendall tests for 

both datasets are described in detail in the meteo-calc.xls file. 

To investigate possible climatic patterns, using time series without multiplying data with a bell-

shaped function, in order to reduce spectral leakage, we applied the Multitaper Spectral Aanalysis 

- MTM (Thomson 1982; Linderholm 2001; Ghill et al. 2002). In the multitaper spectral method, 

several different (orthogonal) functions are applied, and the resulting spectrum has low leakage, low 

variance, and retains information contained in the beginning and end of the time series.  

Regarding total annual precipitation, for the years 1951-1990, spectrum graphs are given in Figures 

6,7,8 for 3, 4 and 5 tapers (the time-bandwith product p is fixed at 3; increased number of tapers 

yields more favorable estimates when analyzing short time series). 
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Figure 13. Multitaper spectrum for total annual precipitation (1951-1990), 3 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 

 

 

 
Figure 14. Multitaper spectrum for total annual precipitation (1951-1990), 4 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 
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Figure 15. Multitaper spectrum for total annual precipitation (1951-1990), 5 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 

 

The F test for significance of periodicity is showed in Figures 9, 10, 11. The 0.05 and 0.01 

significance levels are shown as horizontal lines (down and up, respectively), base on 2 and 

(2*(number of tapers)-2) degrees of freedom. Data are zero-padded to the second lowest power of 2 

above the length of the sequence. Since spectrum lines are, generally, below the horizontal lines 

(only one peak is significant, setting 5 tapers, at the 0.05 level), no trend is apparent. 

 

 
Figure 16. F-test of multitaper spectrum for total annual precipitation (1951-1990), 3 tapers (red line: 

multitaper spectrum; red lines: significance levels). 
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Figure 17. F-test of multitaper spectrum for total annual precipitation (1951-1990), 4 tapers (red line: 

multitaper spectrum; red lines: significance levels). 

 

 

 
Figure 18. F-test of multitaper spectrum for total annual precipitation (1951-1990), 5 tapers (red line: 

multitaper spectrum; red lines: significance levels). 

 

Regarding mean annual temperature, for the years 1998-2004, corresponding spectrum graphs are 

given in Figures 12, 13, 14. 
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Figure 19. Multitaper spectrum for mean annual temperature (1951-1990), 3 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 

 

 

 
Figure 20. Multitaper spectrum for mean annual temperature (1951-1990), 4 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 
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Figure 21. Multitaper spectrum for mean annual temperature (1951-1990), 5 tapers (green line: multitaper 

spectrum; blue line: simple periodogram; black line: smooth periodogram). 

 

It is much clearer than precipitation data, that temperature data don't have a trend (Figures 15, 16, 

17). 

 

 
Figure 22. F-test of multitaper spectrum for mean annual temperature (1951-1990), 3 tapers (red line: 

multitaper spectrum; red lines: significance levels). 
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Figure 23. F-test of multitaper spectrum for mean annual temperature (1951-1990), 4 tapers (red line: 

multitaper spectrum; red lines: significance levels). 

 

 

 
Figure 24. F-test of multitaper spectrum for total annual precipitation (1951-1990), 5 tapers (red line: 

multitaper spectrum; red lines: significance levels). 

 

Wavelet analysis (Torrence and Compo 1998) was applied to inspect time series at different scales 

(small, intermediate and large scale). Continuous Wavelet Transform - CWT requires at least 32 

values, so, wavelet analysis was applied in precipitation data only. CWT can be useful for detecting 
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periodicities at different wavelenghts and self-similarity. In Figure 25, the vertical axis is a 

logarithmic size scale (base 2), with the signal observed at a scale of only two consecutive data 

points at the top, and at a scale of 1/4 of the whole sequence at the bottom. One unit on this axis 

corresponds to a doubling of the size scale. Thus, the top of the figure represents a detailed, fine-

grained view, while the bottom represents a smoothed overview of longer trends. Signal power (i.e. 

squared correlation strength with the scaled mother wavelet) is shown in color scale. The shape of 

the mother wavelet can be set to Morlet (wavenumber 6), Paul (4th order) or Derivative Of 

Gaussian - DOG (2nd or 6th derivative). The Morlet wavelet usually performs best. 

A band can be seen at a scale of 32, which is the year 1982; there seems to be a change in strength 

and frequency over time, for precipitation, after 1982. The cone of influence (black line) shows the 

region where boundary effects are present. The significance level corresponding to p=0.05 is plotted 

as a contour (chi-square test, according to Torrence and Compo 1998). The Lag value is set to zero, 

which specifies a white-noise model (null hypothesis).  

 

 
Figure 25. Continuous Wavelet Transform - CWT plot, for total annual precipitation (1951-1990).  

 

 

Geological Pedological Classification of the Peri-urban Forest of Xanthi. 

 

The selected site is encircled by the red line (Fig. 26). It is located at the north side Xanthi city. 

According to the initial pedological analyses the many rock formation of the site are Marbles at the 

west side of the forest site, young granite rocks at north side, proximity with the urban region and 

east side of the selected site. Gneiss is the main bedrock formation at the further north side (Fig. 

27).  

The marbles are white with light grey colored lines. Locally, some mica may occur. At the 

boundary with the gneiss and igneous rock formations ( at the north and east side of the site) , 

minerals such as muscovite, quartz, albite are present. The extensive weathering over those hard 

limestones affect the soil physical properties. The soil over these rock formations is with low depth 

soils, rocky, with stones and boulders. The soil surface is eroded. 
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The east and north side of the per-urban forest are with granite at the north and east side, and with 

gneiss at the further north. The granite formation is dominated by potassium feldspar, plagioclase, 

quartz, biotite, granodiorite, minerals. While the gneiss formation, are plagioclase, quartz biotite, 

granodiorite, garnet and potassium feldspar. The soils over granite rock formations are the result of 

the extensive weathering. These resulted in soils with low depth, were the inclination of the slope is 

low with limited erosion. In contrast, at higher inclination, skeletal material appears extensively on 

the surface, and the soil depth is low. In the mid part of the site, the soils are with medium depth 

and extensive erosion, while at the far east side of the per-urban forest the soils are with low depth 

and with no erosion. The soils over the gneiss rock formation are, moving from west to east, with 

low depth and extensive weathering to a significant depth. In the mid part of the site, the soils over 

the gneiss rock formation, east from the monastery , are divers with low to high soil depth with 

extensively weathered material. Further east, the soils over the gneiss formation are with low depth 

and signs of heavy erosion.  

 

 
Figure 26. The selected per-urban forest, encircled with the red line.  
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 Igneous rocks: Granite. 

 Hard Limestone: Marble.  

 Gneiss  
Figure 27. The bed rock formation of the selected region. (Source: Greek Institute of Geology and Mineral 

Exploration <http://www.igme.gr>).  

 

 

Treatment type and description 

 

The typical (conventional) silvicultural treatments for peri-urban forest where an understory of 

broadleaves appears under pines, are cuttings in the pine overstory, pruning of pines (Pinus brutia) 

and thinning of broadleaves. The result of these thinnings is a more or less uniform distribution of 

broadleaves in the understory. In the cuttings of the overstory mainly dead, bad formed, damaged 

and suppressed trees are cut.  

The innovative silvicultural treatment in pine areas with broadleaved understory, comprises rather 

intense cuttings of overstory pines for the release of broadleaved trees and innovative thinning of 

the understory. In the cuttings of the overstory, bad formed trees with large dimensions will 

primarily be removed, while the best formed trees will be retained. These cuttings will be more 

intense over dense areas with broadleaves. The remained pine trees will exhibit high growth rates. 

The innovative thinnings of the understory will resemble “positive selection” cuttings, where 

competitors of the best broadleaved trees will be removed. Best trees are considered the trees (or 

saplings) with high growth vigor having large and symmetric crown. In some cases, these thinning 

will be intense. Through these cuttings and thinnings more growing space will be available for the 

most dynamic broadleaved component, leading to more rapid conversion of mixed pine – 

broadleaved forest to a broadleaved forest with a rather small pine component. The aforementioned 

thinnings of broadleaves will be applied even in groups of trees having small dimensions, since we 

would like also to promote the rapid growth of broadleaves. 

Areas with broadleaves are less vulnerable to forest fires and can react through sprouting against 

disturbances, (wildfires and soil erosion). Via the aforementioned procedure, in a large portion of 

Xanthi peri-urban forest broadleaves will dominate. 

For each different type of treatment, 3 demonstrative plots of approximately 1.1 ha were 

established. The total area of each treatment will be 3.3 ha. For the three treatments, three 

replications have been established. In each demonstrative plot, a monitoring area of 0.3 ha (50 m x 

60 m) has been established. In each monitoring area, all variables will be measured in two circular 

representative subareas of 13 m of radius (Figures 21-30).  
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Figure 28. Replication A. 

 

 
Figure 29. Replication A. 
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Figure 30. Replication A. 

 

 
Figure 31. Replication B. 
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Figure 32. Replication B. 

 

 
Figure 33. Replication B. 
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Figure 34. Replication C. 

 

 
Figure 35. Replication C. 
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Figure 36. Replication C. 

 

 

 
Figure 37. Replications A, B, C. 
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