
 

 

 
 
Abstract— The minimum, maximum, mean temperatures and 

reference evapotranspiration were considered in this  paper for the 
purpose of trend analysis. The study, which was  based on 38 
monitoring stations, was carried out at a sub-national scale 
throughout Apulia region (Italy). The methodology of the non-
parametric Mann-Kendall test and the progressive trend analysis were 
used for the trend detection. The second half of the 20th century 
(1950-2003) was investigated on seasonal and annual scales. 

The results generally showed a warming process, which has taken 
place especially from the mid-1970s, and an acceleration of the 
atmospheric  evaporative demand thereafter. The latter had a 
significant positive trend, while the period before the break point of 
the 70s had a cooling effect. Finally, the warming was more 
pronounced in the case of minimum temperature.    

 
Keywords—Air temperature, climate change, Evapotranspiration, 

trend analysis.  

I. INTRODUCTION 
HE common conclusion of a wide range of fingerprint 
studies conducted over the past one or two decades isthat 

climate changes can’t be explained by natural factors alone 
(Santeret al., 1995 and 1996a,b,c; Hegerlet al., 1996, 1997 and 
2000; Hasselmann, 1997; Barnett et al., 1999; Tettet al., 1999; 
Stott et al., 2000). As climate science and the Earth’s climate 
have continued to evolve over recent decades, increasing 
evidence of anthropogenic influences on climate change has 
been found and the Intergovernmental Panel on Climate 
Change (IPCC) has made increasingly more definitive 
statements about human impacts on climate (Le Treutet al., 
2007). 

The overall effect of human activities on climate since the 
start of the industrial era has been a warming influence 
(Forster et al., 2007). However, the warming has been neither 
steady nor the same in different seasons or in different 
locations and recent observations have showed that surface 
temperatures have risen globally, with important regional 
variations (Trenberthet al., 2007). 
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From 1950 to 2004, the annual trends in minimum and 

maximum land-surface air temperature averaged over regions 
with data available were 0.20°C and 0.14°C per decade, 
respectively, with a trend in diurnal temperature range (DTR) 
of –0.07°C per decade (Voseet al., 2005). In addition, an 
increasing rate of warming has taken place especially over the 
last 25 years (1979-2004), and 11 of the 12 warmest years on 
record have occurred in the last 12 years (Trenberthet al., 
2007). The corresponding linear trends for the land areas 
where data are available were 0.29°C per decade for both 
maximum and minimum temperature . 

Italy, which lies in the middle  of the Mediterranean region, 
has been identified as one of the most sensitive areas to 
greenhouse gas (GHG)-induced global warming (Giorgi, 
2006; Coppola and Giorgi, 2010). Brunettiet al., (2006)stated 
that  the situation about mean temperaturein Italy was quite 
uniform in the different regions. In southern Italy, the 
temperature trend is homogeneous everywhere and a  
temperature increase seems to prevail, especially from about 
1980 (Polemio and Casarano, 2008).  

The present study investigated the case of Apulia region 
(Lat 39.75-41.9 N; Long 14.9-18.5 E) in southern Italy. It 
wasaimedatinvestigating the spatiotemporal variability of  
temperature and evaluatingits impact on reference 
evapotranspiration. The study was carriedout on a seasonal 
scale andit  investigated the second half of the 20th century 
(1950-2003). 

II.  DATASET 
The analyzed data series are available on the web site of 

“Regione Puglia”. The monitoring stations are managed by 
the hydrographic office of the region and an average monthly 
database was provided.   

The analyzed data set, for a period of  54years  (1950-
2003), covered 71 stations and included both average 
maximum and minimum temperature. In the present study, 
only stations that had less than 15% of missing data (38 
stations) were considered. Density and distribution of the 
selected stations (Fig. 1) over the study area were acceptable. 
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Fig. 1  Distribution of the monitoring stations over the study area. 

 
The missing data were generated using the Inverse Distance 

Weighted methodology with the power 2 and a fixed search 
radius. In addition, the  lapse rate (-0.65 °C per hundred 
meters) was considered in estimating missing data (Edmonds, 
2009).  

III.  METHODOLOGY 

A. Trend Detection 
The trend analysis was performed using the non-parametric 

Mann-Kendall test and the simple linear regression model. 
The analysis was carried out on a seasonal scale considering 
mainly two periods: the overall period (1950-2003) and the 
last three decades (1974-2003).  

The test of Mann-Kendall is simple, robust and can cope 
with missing values and values below the detection limit 
(Smadi, 2006; Toros, 2011). This test was found to be useful 
and it has been extensively used to detect trends in hydro-
meteorological time series (Yu et al., 2002; Domroes and El-
Tantawi, 2005; Brunettiet al., 2006; Chen et al., 2007; 
Moderres and Da Silva, 2007; Panda et al., 2007; Bartoliniet 
al., 2008; Hamed, 2008 and 2009; Chen and Grasby, 2009; 
Tayançet al., 2009; Xuet al., 2010). Moreover, the Mann-
Kendall test has a predictive power comparable to its 
parametric competitors (Liu et al., 2008). According to a 
certain confidence level, the trend may belong to one of the 
following significance classes:  

NSNT: Non-Significant Negative Trend; 
SNT: Significant Negative Trend; 
NSPT: Non-Significant Positive Trend; 
SPT: Significant Positive Trend. 
In order to demonstrate the trend dependency on the 

selected period of analysis and detect variations inside the 
overall period, the progressive trend analysis was performed 
on the average time series and two time directions were 
considered: 

 
 
 
The direct time direction 

In this case, 1950-1979 represents a common period for a 
25 sub-series. The first sub-series is 1950-1979, the second 
one is 1950-1980. By iteration, the last sub-series will be 
1950-2003.  

The opposite of the time direction:   
In this case, 1974-2003 represents a common period for a 

25 sub-series. The first sub-series is 1974-2003, the second 
one is 1973-2003. By iteration, the last sub-series will be 
1950-2003.  

Thus, the progressive trend analysis allows investigating 
different sub-series of at least 30-year length  to evaluate the 
year-by-year trend.  

 

B. Parameters of Study 
Investigated parameters were maximum temperature 

(Tmax), minimum temperature (Tmin), mean temperature (Tm) 
and reference evapotranspiration (ETo).  

The Blaney-Criddle (1950) model was used to estimate the 
impact of  temperature variability on  reference 
evapotranspiration. The usual form of the Blaney-Criddle 
equation converted to metric units is written as:  

( )13.846.00 +⋅= TmpET                        (1) 
ETo is the reference crop, clipped grass, evapotranspiration 

(in mm/day); Tm is the average temperature over the period 
(in °C); p is the average daily percentage of total annual 
daylight hours for the period. 

IV. RESULTS AND DISCUSSION 
In terms of mean temperature and considering the overall 

period, most of the stations showed a positive trend for all the 
seasonsand, thus , for  the annual scale (92% of the stations). 
The maximum percentage of stations that showed a negative 
trend was observed in summer (26.3%). At 95% confidence 
level (Fig. 2(a)), results showed the predominance  of the 
NSPT-class and a quiet high percentage of the SPT-class. 
Only 2.6% of the stations showed an SNT. At 1% significance 
level, percentage of the SNT-class was Zero on a seasonal 
scale and remained 2.6% on annual scale. 

During the last three decades of the covered period, the 
warming process was more evident (100% of analyzed 
stations in terms of Tm) and was dominated, in general, by the 
SPT. Percentage of the SPT-class remains highfor most of the 
stations even at 1% significance level, especially in summer 
(about 87% of the stations). 

By considering the overall period,  Tmin was at the origin of 
the warming process in the study area  (Fig. 2(b),2(c)) while  
Tmax trend was not evident (almost  equal percentage of the 
positive and negative trend). Butduring the last three decades, 
both Tmax and Tmin significantly participated in that 
warming. 

 
 
 



 

 

   Fig. 2(a)  Temperature trend significance at 95% confidence level- 
Mean temperature (Tm) 

 

 
Fig. 2(b)  Temperature trend significance at 95% confidence level- 

Minimum temperature (Tmin) 
 

 
Fig. 2(c)  Temperature trend significance at 95% confidence level- 

Maximum temperature (Tmax) 
 

Table I recapitulates the average trend value in the study 
area, expressed in °C/decade. In addition to the observed 
dominance  of the SPT-class during the last three decades, the 
seasonal trend magnitudes, but winter season, were notable. In 
particular, summer season showed an average trend of 
0.91°C/decade in terms of Tm. These trends were much higher 
than the  trend magnitudes of the overall period. 

As previously saidabout the contribution of Tmin (and not 
of Tmax) to the warming, if we consider the overall period, all 
average trends were significant at 99% confidence level, 
whereas average trend magnitudes of Tmax were not 
significant and were closed to Zero °C/decade. 

 
TABLE I 

AVERAGE TRENDS IN THE STUDY AREA  
(Significance levels:  *** <1%   ;** 1–5%   ;  * 5 –10%) 

 
1950 – 2003 1974 – 2003 

Tmax Tmin Tm Tmax Tmin Tm 

Annual -0.01±0.07 0.25±0.06*** 0.11±0.04 0.52±0.07*** 0.52±0.09*** 0.52±0.07*** 

Winter 0.02±0.05 0.19±0.07*** 0.11±0.04** 0.23±0.08* 0.15±0.09 0.19±0.08* 

Spring 0.00±0.07 0.26±0.06*** 0.14±0.04* 0.54±0.08*** 0.44±0.09** 0.49±0.08** 

Summer -0.06±0.10 0.29±0.05*** 0.12±0.05 0.90±0.09*** 0.92±0.11*** 0.91±0.08*** 

Autumn -0.04±0.06 0.21±0.06*** 0.08±0.04 0.41±0.08** 0.53±0.09*** 0.46±0.07*** 
 
 

 
Spatial interpolation of the Tm trend magnitude on a 

seasonal scale in the study area is shown in Fig 3. In addition 
to the evident warming, aclear spatial pattern was observed 
during the last three decades.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Period: 1950 – 2003 Period: 1974 – 2003 

a. Winter 

 

b. Winter  

 

c. Spring 

 

d. Spring  

 
e. Summer 

 

f. Summer  

 
g. Autumn 

 

h. Autumn  

 

Fig. 3. Spatial interpolation of the trend in °C/decade on a seasonal scale: case of  the mean temperature 
 
Trends in the study area were not linear, as demonstrated in 

Table II by  the average determination coefficient (R2) of the 
simple linear regression model, whereas in the last three  

 
decades R2was quiet high especially for Tmin in summer 
season.   

 
 
 
 
 
 
 
 
 
 
 



 

 

 
TABLE II 

TEMPERATURE AVERAGE DETERMINATION COEFFICIENT  
 

 
1950 - 2003 1974 – 2003 

Tmax Tmin Tm Tmax Tmin Tm 

Annual 0.10±0.03 0.23±0.06 0.10±0.03 0.29±0.05 0.37±0.07 0.34±0.06 

Winter 0.05±0.02 0.13±0.04 0.06±0.02 0.11±0.03 0.09±0.03 0.09±0.03 

Spring 0.06±0.02 0.18±0.05 0.07±0.02 0.14±0.03 0.16±0.04 0.16±0.03 

Summer 0.09±0.03 0.17±0.04 0.07±0.02 0.34±0.04 0.45±0.05 0.41±0.04 

Autumn 0.06±0.02 0.11±0.04 0.04±0.01 0.13±0.03 0.19±0.04 0.15±0.03 

 
Since the trend was generally non-linear, the trend 

significance and magnitude thus depended  on the selected 
period of analysis. This result was previously demonstrated by 
considering only two periods: the overall period (1950-2003) 
and the last three decades (1974-2003). 

To demonstrate effectively the trend dependency on the 
selected period, the progressive trend analysis was performed  

 
 
 

 
on the average time series and the results are shown in Fig. 

4 and 5. These results showed that the observed positive trend 
of Tm  in the study area (Fig. 4a) was determined by the last 5 
years (1998 to 2003). Furthermore, the warming is  generally 
due to Tmin (Fig. 5). In fact, the Tmin trend was generally 
positive with some exception in summer and autumn seasons 
(Fig. 5c, d). 

 

 
a- Direct time direction 

 
 

In this figure, 1979 represents the period 1950-1979,…, and 2003 represents the period 1950-2003. 
b- Opposite of the time direction 

 
 
In this figure, 1974 represents the period 1974-2003,…, and 1950 represents the period 1950-2003. 

Fig 4  Progressive trend analysis of the average mean temperature 
 



 

 

Direct time direction Opposite of the time direction 
a- Winter  

 

a- Winter  

 
b- Spring  

 

b- Spring  

 
c- Summer  

 

c- Summer 

 
d- Autumn  

 

d- Autumn 

 
Fig. 5  Progressive trend analysis of the average maximum and minimum temperature (Tmax ;Tmin). 

 
 

 
 
 

 
Reference evapotranspiration followed approximately the 

same behavior of the mean temperature and this is due to the 
high correlation between them. Thus, a significant acceleration 



 

 

of the atmospheric evaporative demand was observed 
especially during the last three decades, in particular in 
summer and spring seasons (Fig. 6). Trend of ETo in summer 
remains significant for most of the stations (about 87%)even at 
99% confidence level. 

 
 
 
 
 
 
 

 

Fig. 6  Trend significance at 95% confidence level of the reference 
evapotranspiration 

 
Table III gives a summary of the average trend magnitudes 

in the study area, expressed in mm/decade. The same as  for  
temperature, trends were not linear and, therefore, they  
depended on the selected period of analysis as demonstrated in 
Fig. 7. The solid  black lines represent the 5-year moving 
average curves of the series and results were presented in 
terms of anomalies with respect to the 1961-1990 mean.  

 

 
TABLE III 

TEMPERATURE AVERAGE DETERMINATION COEFFICIENT  
(Significance levels:  *** <1%   ;** 1–5%   ;  * 5 –10%) 

 
Average trend (mm/decade) 

(mm/decade) Annual Winter Spring Summer Autumn 

1950-2003 3.5±1.2 0.4±0.2** 1.3±0.4* 1.4±0.0 0.3±0.2 

1974-2003 18.6±2.2*** 0.8±0.3 4.9±0.7** 10.8±1.0*** 2.1±0.4** 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

a- Winter  

 

b- Spring  

 
c- Summer  

 

d- Autumn  

 
e- Annual  

 
Fig. 7  Anomalies of ETo with respect to the 1961-1990 mean 

 
 

Referring to the overall period, the impact of the warming 
process in terms of magnitude of ETowas not important. 
However, the impact was more evident during the last three 
decades, especially in summer season and on annual scale.  

Considering the similarity between the Tm and 
ETobehaviors, the period between 1950 and 1980 had a 
cooling  effect especially on annual scale (Fig. 7e) and in 
summer season (Fig. 7c).  

V. CONCLUSION 
The present study confirms that the warming was more 

pronounced for the minimum temperature and the 1970s 
presented a break period from which the increasing rate has 
taken place. This is in line with the results obtained by Voseet 
al., (2005), Brunettiet al., (2006),Trenberthet al.,(2007) and  

 
Polemio and Casarano(2008). Nevertheless, trend magnitude 
in the study area during the last three decades is approximately 
double of the global trend magnitude found by Trenberthet al., 
(2007) in analysis of the period 1979-2004.  

The notable seasonal warming that was observed starting 
from the mid-1970s was significant at least at 90% confidence 
level. In particular, trend in summer was highly significant 
(<1%) with a trend magnitude of 0.91±0.08 °C/decade. The 
average annual trend was 0.52±0.07 °C/decade,  whereas the 
period before the end of 1980 showed a cooling effect. 

Furthermore, the last five years (1998 to 2003) had a major 
influence on the trend of the overall period. If they are not  
considered, unimportant warming occurs  only in winter but  
the trend is negative for the other seasons and also on annual 
scale (Fig. 4 (a)).  

The impact on reference evapotranspiration is quiet 



 

 

important only in the last three decades, in particular, it is 
highly significant (<1%) in summer (10.8±1.0 mm/decade) 
and also  on  annual scale (18.6±2.2 mm/decade). 
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