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Abstract. Montenegro so far has been poorly investigated inexamine extreme temperature trends in the Mediterranean
terms of climate extremes. The aim of this paper was to analfregion (Klein Tank and Kénnen, 2003; Kostopoulou and
yse the extreme ETCCDI (Expert Team on Climate ChangeJones, 2005; Della-Marta et al., 2007; Kuglitsch et al., 2010;
Detection and Indices) temperature indices in the Mediter-Efthymiadis et al., 2011). Most of their results suggest an in-
ranean region of Montenegro for the period of 1951-2010.creased frequency and duration of warm events. Warmer con-
Four stations in the coastal area of Montenegro have beeditions over the Mediterranean may impact the environment
analysed: Herceg Novi, Ulcinj, Budva and Bar. Two periods and increase the burden on societies that are currently under
(before 1980 and after 1980) were separately investigated ieconomic turmoil. However, due to a non-uniform magni-
this study due to a well-known climate shift that occurred tude of extreme temperature changes identified over the en-
in the late 1970s. Seven indices of temperature extremetre Mediterranean basin, many studies focused on particular
have been chosen. The trend was analysed using a Manreceuntries. In Spain, numerous studies (Brunet et al., 2007;
Kendall non-parametric test, while the slope was estimatedRodriguez-Puebla et al., 2010) assessed trends in tempera-
using Sen'’s slope estimator. A negative trend has been calcuure extremes, and Brunet et al. (2007) noted larger changes
lated for cold nights and cold days at almost all stations. Then high temperature extremes than in low temperature ex-
most significant positive trends were obtained for warm con-tremes over the 20th century. While analysing temperature
ditions. The two separately investigated periods have showrxtreme indices in northeast Spain, El Kenawy et al. (2011)
contrasting temperature trends. also observed more prevalent changes in hot extremes than in
cold extremes. Toreti and Desiato (2008) analysed changes in
temperature extremes over Italy and showed a cooling trend
until the end of the 1970s followed by a warming trend over
1 Introduction the last 25 yr. The most significant results they obtained were
related to an increased number of summer days and tropical
There has been considerable interest in the study of tempegignts.
ature and precipitation extremes at different scales (Zolina, The regions of Serbia and Montenegro were not always
2008; Durao et al., 2010; Ceasar et al., 2011) due fo theiggvered within European studies on temperature extremes.
great impact on agriculture, water resources, industry, €NRecent analysis of trends in temperature indices over Ser-
vironment, and society. Since temperature records showgia and its relationship to large-scale circulations conducted
an increase in the global mean temperature between 0.4y Unkasewt and To& (2013) suggested that the Ser-
and 0.8C in the last 100yr (IPCC, 2007), studies of ex- pian climate generally became warmer over the last 61 yr.

treme temperature events have raised the interest of the SCrhey showed the most significant temperature trends for the
entific community. Many authors have made an effort to
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Table 1. List of the stations. w3 e T . . . . .
Station name WMO  Period Latitude Longitude Elevation 434N - E
(N) B (m)
Budva 13458 1951-2010 227 18°50 2.0 ek 7
Herceg Novi 13455 1951-2010 %27 18°3Y 10.0
Bar 13461 1951-2010 4R6 19°05 5.7 430N |- }
Ulcinj 13464 1951-2010 455 19°17 3.6

42,8M -

Montenegro

summer season. However, the neighbouring Mediterranea “*'[
region of Montenegro has been poorly studied with regards
to temperature extremes. This highlights the interest for oul
study, as it is the first one over the investigated area and ma
contribute to a better understanding of temperature change
in Montenegro. azenp
The structure of the paper is as follows: Sect. 2 provides ¢

description of the study area; Sect. 3 describes station dati s
indices and methods; Sect. 4 includes a discussion of the re-

sults and conclusions are summarized in Sect. 5. Fig. 1. Locations of the stations.

42,40 —
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1 1 I I
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2 Study area geneity is a basic requirement when assessing changes in
) . ) temperature extremes. Unfortunately, an advanced correc-
The study area comprises the Mediterranean region of Mongiqn ' method for a daily temperature time series is not de-
tenegro, which covers an area of 15092kmt IS SU= veloped yet (Toreti et al., 2010). In this paper, data is care-
rounded by Orijen Mountain (1895m), Loen Mountain 1 evajuated by applying a Multiple Analysis of Series
(1749 m), Sutorman Mountain (1180 m) and Rumija Moun- ¢, "1omogenization (MASH v3.02) method. The MASH

tain (1595m). Montenegro has a varied topography with amathq4 was developed in the Hungarian Meteorological Ser-
narrow Adriatic coastline stretching along the southwest-viCe (Szentimrey, 1994, 1999, 2003); it is a relative homo-
ern part, a Karst region in the central part and high Di- yeneity test that does not presume that the reference series are
naric Mountains (above 2000m) in the northern parts. Thejomogeneous (Costa and Soares, 2009). In this study a ver-
coastal region is characterized by a typical Mediterranear,i,n of MASHv3.02 extended for homogenization of daily
climate while a moderate continental climate is present intemperature data has been applied. Portions of the time se-
the northern parts of the country. The average annual rainieg \yith inhomogeneities were excluded from the analysis.
fall is 2120 mm and the totals in the country generally de- 5, Expert Team on Climate Change Detection and In-
crease from the southwest towards the northeast. The mouny;eq (ETCCDI), which is supported by the World Meteoro-
tains in the southwest, receiving above 4000mm of pre-ggica| Organization (WMO) Commission for Climatology,
cipitation, are the wettest part of the Mediterranean regionha joint Commission for Oceanography and Marine Me-
(Ducic etal., 2012). teorology (JCOMM) and the Research Program on Climate
Variability and Predictability (CLIVAR) developed the list of

3 Data and methodology tempergture and precipitation indices used in.thi.s study.
In this paper, we selected a set of seven indices of tem-
3.1 Data perature extremes (Table 2). Four indices are associated with

warm temperature (SU, TR, Tn90p, Tx90p) and three indices

In this paper, a daily temperature time series was usedvith cold temperature (FD, Tx10p, Tn10p). All indices are
from meteorological stations Ulcinj, Bar, Herceg Novi and defined in terms of the numbers of days that exceed either
Budva (Table 1, Fig. 1) covering the period of 1951-2010. absolute or percentile thresholds.
Data was obtained from the Hydro-meteorological Service Percentile-based indices allow spatial comparisons, as
of Montenegro. they sample the same part of the probability distribution of

The data were quality controlled for all stations follow- temperature at each location. Day-count indices based on ab-
ing standards recommended by WMO (2004). Metadata wasolute thresholds are less suitable for spatial comparisons of
analysed regarding relocation and maloperation. The locaextremes. The reason is that, over large areas, day-count in-
tions of stations did not change throughout the investigatedlices based on absolute thresholds may sample very different
period and measurements were performed without a breaparts of the temperature distributions (Peterson et al., 2001.;
using the same type of instruments. A time series homoWMO, 2009; Vincent and Mekis, 2006).
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Table 2. Definitions and abbreviations of the ETCCDI temperature indices used in this study.

Index Definition Units

FD Total number of frost days (days with absolute Tn Days
(daily minimum temperaturey 0°C)

SuU Number of summer days: Annual count of days when Tx Days
(daily maximum temperature) 25°C

TR Number of tropical nights: Annual count of days when¥@0°C  Days

TnlOp Days with Trc 10th percentile of daily Tn of the base period Days

Tx10p Days with Tx< 10th percentile of daily Tx of the base period Days

Tn90p Days with Tn= 90th percentile of daily Tn of the base period Days

Tx90p Days with Tx> 90th percentile of daily Tx of the base period Days

Table 3. Trends in temperature indices in the period 1951-2010 in days per decade (with statistical significancé*alué$s level,
** 1% level,*5 % level andt-10 % level).

Index Ulcinj Bar Budva Herceg Region Region Region
Novi (1951-2010) (1951-1980) (1981-2010)
FD —0.33 —1.25%* 0.00 0.00 —0.51* —0.36 0.33
Tx10p -—-1.72* —2.50* —24T* —-1.67 —2.16* 0.50 -3.88"
Tn10p 0.00 -5.00"** —4.29%** —1.41 —2.71* 1.25 —2.20
SuU 2.37* 4.38%* 3.98* 1.25 2.93* —3.25" 7.67*
TR 2.37 5.56** 7.54**% 500" 5.44* —4.86° 10.00°**
Tx90p 7.98** 9.66"* 8.59"*  5.65%* 7.99* —2.75 24.29**
Tn90p  4.49* 7.864* 6.36**  6.58* 6.80"** —7.25%* 20.68**
3.2 Methodology Tn90p index over the period of 1951-2010 showing the most

consistent pattern of trends. There has been a temperature in-
Percentile thresholds are determined empirically from thecrease in the whole region as well (Table 3).
observed data series in the standard period of 1961-1990. A very strong increase is also noted in Tx90p, as all sta-
The percentiles are calculated from five-day windows cen-tions indicated significant increases. Percentile-based indices
tred on each calendar day to account for the mean annualave shown an agreement in sign and significance of trend for
cycle. A five-day window is chosen to yield a total sample stations individually and as a whole region when compared
size of 30yrx 5 days=150 data points for each calendar with global results. In coastal Montenegro, the frequency of
day, which results in a relatively smooth annual cycle of per-warm nights and warm days increased while the frequency
centile thresholds. The procedure ensures that extreme temaf cold nights and cold days decreased. Percentile indices
perature events can occur with equal probability throughoutare more robust over large areas as they account for local cli-
the year (WMO, 2009). mate effects (Caesar et al., 2011). Cold nights (Tn10p) have
The statistical significance of the calculated trends ofshown a negative trend that is significant for Bar, Budva and
the indices was tested using a Mann—Kendall test. Thishe whole region in 1951-2010. Similar to this, small and
method has been applied because it is more suitable for noregative trends are calculated for cold days (Tx10p) and are
parametric distributions. The Mann—Kendall test is used forsignificant for all stations.
trend analysis in ETCCDI workshops (Zhang et al., 2005). The number of frost days (FD) recorded decreased over all
Sen’s (1968) slope estimator was used for estimating trendstations except for Budva and Herceg Novi. Most trends are
within the indices. This is a more robust approach for thenot significant, with the exception of the Bar station and its
estimation of trends in indices based on daily data. corresponding region for the entire period. Frich et al. (2002)
found uniform decreases in FD in the second half of the 20th
century. Results for the coastal region of Montenegro are
4 Results and discussion consistent with those reported by Frich et al. (2002). How-
ever, in contrast, Kostopoulou and Jones (2005) found an in-
Seven temperature indices have been assessed for the coagtadase in the number of frost days over the area of Serbia
region of Montenegro. Stations have been analysed individpq Montenegro at annual and seasonal scale for the period
ually and then the trend for the whole region was calculatedg5g_2000.
All stations indicate statistically significant increases in the
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Fig. 2.Tn10p and Tn90p in Herceg Novi in 2003.
Fig. 3. Regional time series for warm nights and warm days (units:

days) in (left) the 1951-1980 period and (right) the 1981-2010 pe-

Summer days have shown strong statistically significantiod- Dashed line indicates Sen's slope estimator.
temperature increases for all stations with the exception of an
insignificant trend for the Herceg Novi station. This reveals . . . .
an increased number of days with a daily maximumtempera-zo'[h century (Bug, 2011). So far, there is no unique sci-

ture above 28C over the study area during the warm season.ertIfIC opllrjrl]on rregc';llrr?lng the],:fcatuisenoi SlL\J;h te:npera;ltuirbei |r]:- ;
Tropical nights have also shown strong statistically signif-C €ases. 1he greennouse eliect 1S not always responsiole 1o

icant increases at all stations except for Ulcinj, indicating a:zmgfgigﬂzt?g:spﬁl2}:3%1\?2:25 irg)sl’jtﬁlSp; (2{acilry(\livl:]keor:/im-
tendency towards warmer conditions. y 9

. - etal., 2010).
A I f 2 ’ N . .
ceording to values of temperature indices, years 2003, Due to a well-known great climatic shift that occurred in

2007 and 2008 were particularly warm. For example, in 2003 .
in Herceg Novi there were 83 Tx90p, 133 SU, 117 Tn90p,the late 1970s, two periods (before 1980 and after 1980) were

85 TR, only 17 Tx10p and 10 Tn10p with 1 FD. Figure 2 separately investigated (Table 3) on a regional scale. In Eu-

. . rope, a cooling period followed by a warming period start-
shows values of Tn10p and Tn90p in Herceg Novi in 2003'ing in the mid-1970s has been found (Balling et al., 1998;

As can be seen in the figure, daily minimum temperature . .
were above the 10th percentile throughout the year. Atypicals(<Iem Tank et al., 2002). Gurewch et al. (2011) found that.
he change in the temperatures in Israel occurred approxi-

warmer conditions were detected in the capital city Podgor- . : :
.1 2003 where iy maximum erpertures ereGo (21 DLt e LG8 andie %0 Toretand
and above from 27 May until 1 September (Bugt al., events in ltaly from the late 1970s/early 1980s with slight

2011). This heat wave was detected over western and cen-, X :
ifferences between the gradients slopes of warming trends.

tral Europe during the summer of 2003 and is an example og . I
an exceptional recent extreme. That summer was the hotteSt>" the period 1951-1980, all indices have shown decreases

in instrumental records (IPCC, 2007) except for cold days and cold nights. Statistically significant
' . decreases are calculated for summer days, tropical nights and

Trends calculated for the Mediterranean part of Montene-Warm nights. However, in the period of 19812010, results

gro have generally shown a tendency towards warmer con- 2 . . .
how significant increases in warm days and warm nights,

ditions. Changes in warm indices are higher than changes irﬁncludin summer davs and tropical niahts. A sianificant de-
cold indices. Negative trends are calculated for cold nights,Crease E; calculated )i/n cold da? s andgis ﬁon-sgi] nificant for
but the most significant trends are obtained in terms of warm i . L y 9 .

old nights. Regional indices calculated for the period of

conditions over the study area. The Bar station had the mos 981-2010 are in accordance with those calculated for the

pronounced shift with the strongest significance in general. hol od I th the alobal sis of Al X
This could be due to several reasons and include the fact tha\g Ol€ period as well as wi € global analysis of Alexan
the process of urbanization has extended rapidly in the are er et al. (2006). F|gu_re 3 shows opposite trends for warm
over the past few decades, which may lead to urban islands ights and warm days in 1951-1980 and 1981-2010. For the

heat. Results for Ulcinj and Herceg Novi may not indicate the _n_90p index, there 'S ho agreement in the sign and the S19-
impact of urban heat island. These meteorological sta‘tion{r'f'car.]Ce of the trend in 13511980 when compared with the
are located far from the town centre and the trend change fo end in 1981-2010 and global results.
them is showing less significant results when compared to
urban stations in Bar and Budva.

However, there has been a statistically significant increase
in temperature in Montenegro over the second half of the
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5 Conclusions Buric, D., Duct, V., and Lukovt, J.: Climate variability in Mon-
tenegro in second half of the XX and the beginning of the XXI
In this paper, seven indices have been analysed in order to as- century, Montenegrin Academy of Sciences and Arts, Podgorica,
sess temperature extremes in the Mediterranean part of Mon- 2011. . _
tenegro. The whole country, to date, has been poorly docuCaesar, J., Alexander, L. V., Trewin, B., Tse-ring, K., Sorany, L.,
mented in terms of climate extremes. Vuniyayawa, V., Keosavang, N., Shimana, A., Htay, M. M., Kar-
Results presented in this paper are in agreement with the macharya, J., Jayasinghearachchi, D. A., Sakkamart, J., Soares,
. . E., Hung, L. T., Thuong, L. T., Hue, C. T., Dung, N. T. T., Hung,
global analysis of Alexander et al. (2006). A negative trend . .
) P. V., Cuong, H. D., Cuong N. M., and Sirabaha, S.: Changes
has been calculated for cold nights and cold days at almost all

. s . in temperature and precipitation extremes over the Indo-Pacific
stations. The most significant trends are obtained for warm yeqion from 1971-2005, Int. J. Climatol., 31, 791-801, 2011.

conditions over the investigated area during the period ofcosta, A. C. and Soares, A.: Homogenization of Climate Data: Re-
1951-2010. This is also in accordance with other regional view and New Perspectives Using Geostatistics, Math. Geosci.,
analyses (Klein Tank et al., 2006). 41, 291-305, 2009.

The trend found in this study can be associated with thedel Rio, S., Herrero, L., Pinto-Gomes, C., and Penas, A.: Spatial
positive phase of the North Atlantic Oscillation (NAO) since  analysis of mean temperature trends in Spain over the period
this pattern is recognized as the main mode of climate vari- 1961-2006, Glob. Planet. Change, 78, 65-75, 2011.
ability in the extratropical Northern Hemisphere (e.g. Hur- Pella-Marta, P. M., Haylock, M. R., Luterbacher, J., and
rell, 1995; Sun et al., 2009; del Rio et al., 2011). Wanner, H.: Doubled length of western European summer

. . . heat waves since 1880, J. Geophys. Res., 112, D15103,
However, a separately |nvest.|gated perlpd of 1951-1980 d0i-10.1029/2007JD00851@007.
for the region has shown opposite tendencies and acontrasb—uciév V., Lukovic, J., Bure, D., Stanojewi, G., and Mustat,
ing trend to the period of 1951-2010 as well as 1981-2010. g . precipitation extremes in the wettest Mediterranean region
This result is possibly due to a well-known climate shift that  (krivosije) and associated atmospheric circulation types, Nat.
occurred in the late 1970s where there was a change in the Hazards Earth Syst. Sci., 12, 687—697, #0i5194/nhess-12-
sign of trend for warm days and warm nights. These two sep- 687-20122012.
arately investigated periods have shown contrasting tempeurao, R., Pereira, M., Costa, M. J., Delgado, A. C., del Barriod,
ature trends. J., and Soares, A.: Spatial-temporal dynamics of precipitation

Future investigation should take into account other temper-  €xtremes in southern Portugal: a geostatistical assessment study,

ature indices as well as seasonal scales of the investigation._ Nt J. Climatol., 30, 1526-1537, 2010. ,
Efthymiadis, D., Goodess, C. M., and Jones, P. D.: Trends in

Mediterranean gridded temperature extremes and large-scale cir-
. . culation influences, Nat. Hazards Earth Syst. Sci., 11, 2199—
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