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Abstract: - This study is focused on the analysis of precipitation on the Eastern part of Romania, namely the Dobrudja
region, since the water resources in the region are sensitive to climate change. The results of statistical analysis of
precipitation data from Constanta meteorological station for the period 1885-2009 are presented. The statistical
analysis indicates an increasing trend of the mean annual precipitation and the existence of some break points in the
data series. After 1994, the mean annual precipitation increased by 100 mm, a value in agreement with existing
estimations for the whole of Europe.
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has a big influence in the precipitation regimen. The
existence of an increasing or decreasing trend in
hydrological time series can also be explained by the
changes of the factors that influence the precipitation
[21] [24] [30] [33].

1 Introduction
Annual precipitation is an essential component in the
water budget. Most of the water resources projects are
designed based on the historical pattern of water
availability and demand, assuming constantly climatic
behavior [1] [31] So, any change in the climatic behavior
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Between 1891 and 1939, the station operated with some
minor interruptions in the Constanta Port (up to 1939,
when the war has completely destroyed it), then the dam
was reinstalled on an outer perimeter of the Port of
Constanta. In 1955, the station was moved on a cliff
above the port of Tomis. From 1 May 1969, the weather
station was moved to the north of the town, in the
southern of Cape Sutghiol, 50 m from the coastline.

All the global climate models predict enhanced
precipitation in the high latitudes and the Tropics
throughout the years [15]. Analysis of observations
shows a decreasing tendency of precipitation around the
30oN latitude and an increasing in northern latitudes
[18]. A 7–12% increase in annual mean precipitation
amounts between 30°N and 85°N was observed in the
20th century [15]. In this context, detecting trends in
hydrologic, as well as climatic or other natural time
series, has been an active subject for more than three
decades. To highlight these changes different methods
could be used. Many authors [2] [19] [22] [29] prefer to
carry out a linear trend analysis to detect changes in
annual precipitation series because the procedure is very
simple. But, this method presents thee difficulty of
establishing the exact period corresponding to the
determined trend.
Typically, the hypothesis of the trend existence is
tested by the nonparametric Kendall’s test [17]. This test
is the most used for this purpose in the environmental
sciences, for example in biologic community structure
[23], estuarine salinity [32], lake water quality [27], and
atmospheric chemistry [8].
Different other tests are available in the literature to
identify such change, and have also been successfully
applied to hydro-meteorological series: the Pettitt test
[25], the Bayesian method of Lee and Heghinian [20],
the U test of Buishand [5] [6] and the segmentation
procedure of Hubert [13].
In this paper we investigate the change in the
precipitation regime on the Romanian littoral between
1885 and 2009, utilizing different statistical tests. These
tests are applied of the annual precipitation time series.
The study zone and the data are described in the next
section of this paper. The methods to identify a change
or trend in the time series are described in section 3 and
the conclusions are presented in the last chapter.

Fig. 1. Dobrogea region
In Fig. 2 we present the evolution of annual
precipitation for Constanta station. It reveals the
succession of the humid and dry year over the study
period. It can be remarked that starting to 1995 the
annual precipitation was higher than the multi-annual
precipitation – 390mm (excepting 2000 and 2003 which
are the driest years).
We have also to specify that there are missing data in
the annual series: 1885 is incomplete (it contains only 6
months of records), 1891 (only 8 months’ are
registered), 1892 (only 11 months are registered). The
period 1916 - 1919 is not covered. For this reason, the
methods for discontinuities determination will be applied
only for the period 1920-2009, that is, 90 years.

2 Data
We analyze the annual time series of total rainfall from
Constanta meteorological station, obtained from the
archives of the National Agency of Meteorology. It is
one of the longest systematic hydro-meteorological
records among the Dobrogea region, containing
observations starting to 1885.
Constanta meteorological station is located on the
Littoral of the Black Sea in a climate unit’s I (Fig. 1)
This unit contains the Danube Delta, the lagoons
(Razim Lake and Sinoe Lake) and the Littoral (Fig. 1)
and is characterized by a mean annual temperature of
about 11oC and a precipitation of about 400 mm.
Constanta station is currently located at 12.80 m altitude
and 120 m from the beach and is one of the oldest
stations in Romania. It was founded in July 1885.
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Fig. 2. The annual precipitation at study stations in the
period 1985-2009
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distributed. The test is based on the following model,
which supposes a change in the series mean:

3 Methods
In order to determine the discontinuities in Constanta
precipitation series different tests has been performed.
We shortly present them in the following.
The Kendall test [16][17][10] was used to test the
independence of the consecutive elements of a equally
spaced time series. The null hypothesis is:
H0: The series is random,
and its alternative is:
H1: There is a trend in the series.
The break tests of Pettitt [25], Lee & Heghinian [20]
and Hubert’s segmentation procedure [13][14] have
been performed to detect changes in the mean of the time
series.
The Pettitt test is a non - parametric one. The null
hypothesis that must be tested is that there is no break in
the precipitation series  X i i1, N .
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if k is the value of KN taken on the studied series, under
the null hypothesis, then:

Dm is the quadratic deviation between the series and
the segmentation.
For a given segmentation order, the algorithm
determine the optimal segmentation of a series that is
such that the deviation Dm is minimal.
The authors affirm [14] that this procedure can also
be interpreted as a stationarity test, the null hypothesis
being the studied series is non-stationary. If the

ProbK N  k   2 exp(6  k 2 /( N 3  N 2 ) .
For a significance level , if ProbK N  k    , then
the null hypothesis is rejected.
Lee & Heghinian test is a Bayesian procedure applied
under the assumption that the studied series is normally
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where  i are random variables, independent and
normally distributed, with null expectance and a constant
variance.
The break point m and the parameters  and δ are
unknown. This test performs well to determine a break at
the middle of the series, but it doesn’t furnish the break
point.
This test has been applied after the normalization of
the data series, applying a logarithm transformation.
Hubert’s segmentation procedure [12][14] detects
the multiple breaks in time series. The principle is to cut
the series into m segments (m>1) such that the calculated
means of the neighbouring sub-series significantly differ.
To limit the segmentation, the means of two contiguous
segments must be different to the point of satisfying
Scheffé’s test [28]. The procedure gives the timing of the
breaks.
Giving a m-th order segmentation of the time series,
ik , k  1, m , the rank in the initial series of extreme end
of the k – th segment (with i0 = 0), the following are
defined:

The basis of this test is the following [4]:
 the studied series is divided into two subsamples of sizes m and n respectively;
 the values of the two samples are grouped and
arranged by increasing order;
 the sum of the ranks of the components of each
sub-sample in the total sample is then
calculated;
 a statistic, Ut, is defined using the two sums thus
obtained in order to assess whether the two
samples belong to the same population.
Defining:

U t ,N 

i  1,....., m
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procedure doesn’t produce acceptable segmentations of
order bigger or equal to two, the null hypothesis is
accepted.

jump of the mean of -14% should exist between 1915
and 1920 (Fig. 5).

4 Results
The result of Kendall test for Constanta series denotes
that for all the significance levels (0.01, 0.05, 0.1), the
null hypothesis is rejected, so the series has a trend. The
residuals (Fig. 3) seem to be from a random distribution
indicating that a linear trend may be present.
To estimate the true slope of an existing trend the
Sen's nonparametric method is used.
The results of the Pettitt test at the significance levels
  0.05 and   0.01 lead us to accept the hypothesis
that there is a break point in 1953.

Fig. 4. Results of segmentation procedure

Fig. 3. The results of Kendall test and Sen’s slope
estimation
The Lee & Heghinian test gives the following result:
a posteriori probability density function mode of the
break point position is equal of 0.1165 (in 1994).
The objective of the Hubert’s segmentation procedure
is to divide up a time series into stationary sub series
(segments), the difference of the means of two
contiguous segments being significant.
To have a better view of the time series internal
structure, we have applied the procedure not only to the
whole time series but to all sub series beginning in 1920
or ending in 2009 as it has been done in a study of the
Senegal river annual discharge time series [14]. For any
year n (n = 1920, 2009) the segmentation procedure has
been applied for the time series (n - 1920) and (2009 n). The results of these segmentations are reported in
Fig. 4 (n in abscissa) where a thin dash appears where a
decrease of the mean was found and a thick dash appears
where an increase of the mean is detected. Therefore, it
was found that the general trend of the annual rainfall in
Constanta along the XXth century is increasing.
Two dates seem to be especially significant: the
transition 1938 - 1939, with an increase of the mean of
20 %, and the transition 1994 - 1995, with and increase
of the mean of 26 %. From earlier short time series
(1886 - 1890; 1893 - 1915) it appears that a negative
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Fig. 5. Sub-periods with constant mean (determined by
the segmentation procedure)
In another study (done by a part of the authors of this
article) on other series in the Dobrudja area it was
proved that in the climatic unit I, the mean annual
precipitation increased with 98 mm in the same period.
Unfortunately, the precipitation distribution in time is
not uniform. For example, at the Constanta station, a
precipitation value of 259 mm was recorded (in August
2004), representing one third of the annual mean
precipitation at this station.

4 Conclusion
The results of this study are based on annual
precipitation records on Constanta station. After the
application of different methods of change point’s
detection, it was found that 1939, 1994 are the break
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points years for the series 1920 - 2009. The existence of
the break point in 1939 is due to the destruction of the
meteorological station as a result of war damage.
The mean annual precipitation increased with
approximately 100 mm over the period 1994 - 2009 with
respect to 1939 - 1994 and 97 mm with respect to the
multi- annual mean of the period 1886 - 2009.
This result is consistent with results identified in
Romania and over Europe. For example, in the Dobrudja
region Busuioc’s study shows [7] an increase in
precipitation (+82 mm) at Constanta station over the
1891- 2007 period (Fig. 6).
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Fig. 6. General evolution of precipitation (adapted from
Busuioc et al. (1995)
Annual precipitation totals also show upward trend in
many regions others than Bulgaria [9]. Positive trends in
precipitation amounts are reported for many mid- and
high-latitude regions of the world [3] [18]. Estimated
evolution of annual precipitation for the period 20712100 based on the data of DMI/PRUDENCE [26],
processed by the Joint Research Centre (JRC) during the
PESETA study prove a considerable increase of the
quantities of precipitations in northern Europe (+20-+80
% of the total annual quantity of precipitations). In the
south-eastern part of Romania, this model predicts an
increase between 5 and 10% of the total annual quantity
of precipitation.
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