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Abstract: - The temporal characteristics of the evolution of precipitation are investigated herein, in order to provide a
framework for sustainable resource management in the region of Dobrudja, Romania. The evolution of precipitation
data from 10 meteorological stations is examined using statistical methods. First, we study the temporal characteristics
of precipitation evolution, and subsequently we perform several break tests, in order to identify discontinuities in the
time series. The analysis indicates an increasing trend of the mean annual precipitation. After 1995, its increment is of
82.8mm, a value in agreement with existing estimations for the whole of Europe.
Key-Words: - Precipitation, time series, break test, statistical analysis
estimated for the period 2071 – 2100 in comparison with
the period 1961 – 1990.

1 Introduction
Since climatic change has an enormous impact on
economic and social human activities, there is an
increasing interest for research in the area. Greenhouse
gas-induced climate warming could affect precipitation
severely, in different ways, including changes in
frequency, intensity, and timing of occurrence [12], [16],
[21], [35]. A 2001 assessment of the IPCCIntergovernmental Panel on Climate Change [14]
concludes that as effect of increasing of greenhouse gas
concentrations “…over many Northern Hemisphere midto high-latitude land areas, more intense precipitation
events are very likely”. Annual zonally average
precipitation increased by 7% to 12% for the zones 300N
to 850N in emerged landmasses in the Northern
hemisphere, except in the Far East [14]. At the planetary
scale, the models consistently simulate an intensification
of the hydrological cycle in a future climate, warmer than
the present-day one [28]. This simulation highlights the
annual impact of climatic change on precipitation in
Europe [7]. In winter, the precipitation increasing is more
important in Northern Europe [28].
A downward pluvial trend was observed in West
Africa, starting at the end of 1960s or the beginning of
the 1970s, until the beginning of the 1990s [3], [10], [19],
[28]. Gong and Wang [9] and Qian and Zhu [33]
indicated a significant negative precipitation trend in
eastern China for 1954 – 1976 and a subsequent positive
trend for 1977 – 1998.
Fig. 1. is based on the scenario of the Special Report
on Emission Scenarios (SRES) of the IPCC [13], [14],
[15]. The effects of the climate change in Europe were
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Fig. 1 Estimated evolution of annual mean precipitation
for the period 2071-2100
(PRUDENCE Project; reference interval: 1961-1990)
The map is based on the data of
DMI/PRUDENCE [27], processed by the Joint Research
Centre (JRC) during the PESETA study [24]. The figure
depicts a considerable increase of the quantities of
precipitation in northern Europe (+20 - +80 % of the total
annual quantity of precipitation), while in the south of the
continent, the periods of drought are increasingly
frequent (-20-60% of the total quantity of precipitation).
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Lake and Sinoe Lake) and the Eastern part of the region
and (II), which contains the rest of territory, where the
climate is influenced by the moderate continental belt.
The air temperature average is slightly over 110C towards
the littoral area and the Danube floodplain, and no more
than 10 - 110C in its Northern and central part [20].

From this figure, we observe a decrease between 5 and
20% of the total annual quantity of precipitation, in
Romania, excepting its northern the north-eastern part,
where an increase between 5 and 10% of the total annual
quantity of precipitation is predicted. In the Dobrudja
region, we observe a variation between -5 and +5% of the
total precipitation.
Such a situation cannot be ignored, because its effects
could be tragic. There is a risk to jeopardize the projects
of the agricultural development program, and to perturb
the efficiency of the structures built in previous years
(such as irrigation works that sometimes stopped working
in summer, as a result of the dramatic decrease of the
Danube water level). In this context, this paper attempts
to identify discontinuities in precipitation time series,
using statistical analysis, in order to determine whether or
not there has been a significant change in the
precipitation regime in Dobrudja.
This paper describes the methodology used for the
detection of break points in the precipitation series and
presents the results found.

2.2. Methods and Methodology
The ten time series used in this study, obtained from the
archives of the National Agency of Meteorology, contain
the annual average precipitation spanning the period
1965-2005 for Dobrudja region. The stations names, their
locations, elevations and multi-annual means of
precipitation are presented in Fig. 2. We observe that 5 of
the 10 meteorological stations are situated in the first
climatic unit and the other 5 in the second climatic unit.
We have to point out that the Sulina station is situated 13
km offshore, on the Sulina horn dam.
The methodology presented in this paper, and applied
to Dobrudja region, consists of an analysis of the
temporal characteristics, and the identification of the
discontinuities in precipitation time series. The steps that
were followed are: estimation of the annual mean
precipitation for each station, estimation of the multiannual mean precipitation for each station, determination
of the anomaly chart, and detection of the discontinuities
in data series.
In order to determine the discontinuities in the
precipitation regime over the period 1965–2005, some
homogeneity and break tests are performed.
We define a break as a change of the probability
distribution function of a process variable at a certain
moment [18]. The break tests allow the detection of a
change in a time series mean.
The methods used to detect a break are: Pettitt test
[23], Buishand test [4], [5], Lee and Heghinian test [17]
and the segmentation procedure of Hubert [10], [11]. The
null hypothesis that is tested is that there is no break in
the precipitation series ( X i )i∈1, N .

2 Problem Formulation
2.1 Study Area
Dobrudja (in Romanian: Dobrogea) is a region situated in
the South – East of Romania, between the Black Sea and
the lower Danube River (Fig. 2).

The Pettitt test is a non - parametric one. To perform
it, the steps are [2]: (i) the studied series is divided into
two sub-samples of sizes m and n respectively; (ii) the
values of the two samples are grouped and arranged by
increasing order; (iii) the sum of the ranks of the
components of each sub-sample in the total sample is
then calculated; (iv) a statistic, Ut, is defined using the
two sums thus obtained in order to assess whether the
two samples belong to the same population.
Let us define:
1 , x > 0

(1)
sgn( x) = 0 , x = 0
− 1, x < 0


Fig. 2 Dobrudja region and its ten meteorological stations
Dobrudja (without the Danube Delta) is a plateau with
hilly aspect. In the North, remnants of Hercinic and
Caledonian mountains are present, with an altitude up to
some 400m (Greci Peak 467m). The altitude decreases
towards the South, where the average altitude is between
100 and 180m [26]. Generally, Dobrudja’s climate is
temperate-continental and comprising two units (Fig. 3):
(I), which contains the Danube Delta, the lagoons (Razim
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Di , j = sgn( xi − x j )
t

Ut, N = ∑

procedure then calculates the annual differences between
each yearly mean precipitation and the base period mean
precipitation. To facilitate the understanding of anomaly
charting, negative anomalies are represented below the
abscissa, positive anomalies above.

(2)

N

∑ Di, j ,

(3)

i =1 j = t +1

K N = max U t , N
t =1, N −1

(4)

If k is the value of KN taken on the studied series,
under the null hypothesis, then:
Prob(K N > k ) ≈ 2 exp(−6 ⋅ k 2 /( N 3 + N 2 )
(5)
If Prob(K N > k ) < α , for a significance level α, then
the null hypothesis is rejected.
The Buishand and Lee & Heghinian tests are Bayesian
procedures applied under the assumption that the studied
series is normally distributed. The tests are based on the
following model, which supposes a change in the series
mean:
µ + ε i , i = 1,....., m
Xi = 
,
(6)
µ + ε i + δ , i = m + 1,.....N

3 Results
3.1 Precipitation variation
Fig. 3 represents the spatial evolution of the multi-annual
mean precipitation in Dobrudja. The isohyets are
automatically generated in GIS ArcView®, by spline
interpolation on the base of the annual mean precipitation
calculated at each station.

where ε i are random variables, independent and normally
distributed, with null expectance and a constant variance.
The break point m and the parameters µ and δ are
nknown.
The Lee & Heghinian method works in the hypothesis
that ( X i )i =1, N is a series of independent variables, with a
constant variance. The method determines the a posteriori
probability distribution function of the parameters µ and
δ, considering their a priori distributions and supposing
that the break time follows a uniform distribution. The
range of the break time corresponds to the values of the
modes of the a posteriori distributions of m and δ
respectively.
Hubert’s segmentation procedure 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 neighboring sub-series significantly differ. To limit
the segmentation, the means of two contiguous segments
must be different to the point of satisfying Scheffe’s test.
The procedure gives the timing of the breaks.
CUSUM charts are constructed by calculating and
plotting a cumulative sum based on the data. CUSUM
charts show the cumulative sum of differences between
the values and the average. Because the average is
subtracted from each value, the cumulative sum also ends
at zero [32].
If xi , i = 1, n represent the registered data, the
cumulative sums Si are calculated by:
S 0 = 0, S i = S i −1 + ( xi − x), i = 1, n ,

Fig. 3 Multi-annual mean precipitation
The multi-annual mean precipitation vary in large
limits (260–500 mm approximately), the highest values
being registered in the North and center of the region.
The precipitation values increase with altitude. The
lowest precipitation was registered at Sulina (262 mm at
2 m), ConstanŃa (423 mm at 12 m) and Mangalia (427
mm at 6 m) – on the coast, respectively at Harşova (408
mm at 37.31m), on the Danube, and the largest at Tulcea
(462 mm at the North).
The variation of the annual mean precipitation for
each station (Fig. 4) reveals the succession of the humid
and dry years during the study period. It can be observed
that the same evolution pattern is present at all the
stations, i.e. starting in 1995 the mean annual
precipitation at each station is higher than the multiannual mean precipitation (but 2000 and 2001, which are
the driest years). This remark suggests that the mean
precipitation of the sample 1965 - 1995 and that of the
sample 1996 - 2005 are different. In order to demonstrate,
the values of the annual mean precipitation and the multiannual mean precipitation are represented for the
Mangalia station (Fig. 5).

(7)

n

where x =

∑ xi is the average.
i =1

The anomaly chart procedure calculates the overall
average precipitation for the base period specified. The
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The anomaly chart (Fig. 6) analysis reveals: (i) a
negative anomaly, for the period 1981 – 1995 (approx.),
excepting Sulina series, where the period with negative
anomaly started in 1982; (ii) a positive anomaly for the
period 1965 – 1973 and 1995 (1997) – 2005.

3.2 Break analysis
Firstly, the normality, correlation and homoscedasticity
hypotheses were tested [1]. Since some series are not
normally distributed, they were normalized by Box – Cox
transformations, in order to allow the application of
certain break tests. The results of these tests are: two tests
(Pettitt and Buishand) give the same result, i.e. there is a
break in the mean annual precipitation series only for
Sulina station. The tests Lee & Heghinian test and Hubert
procedure detect a break point, which appears in 2003 or
2004.
Since the results of the procedures are inconclusive, a
test of homogeneity (Wilcoxon procedure) was also
performed (Table 1).

Fig. 4 The mean multi-annual precipitation at the study
stations during the period 1965-2005

Fig. 5 The evolution of the mean precipitation at
Mangalia station

Table 1 The result of the Wilcoxon test

The precipitation anomaly chart (Fig. 6) shows the
difference between the annual precipitation and the
average precipitation during a base period. The positive
anomaly shows those years when the annual mean
precipitation exceeded the 1965-2005 baseline average,
the negative anomaly shows those years when the mean
precipitation was less than the baseline average.
The choice of the year 2003 (or 2004) as moment of
separation into two sub-samples is not conclusive, since
there is not enough data. Therefore, other points have
been chosen to apply this test.
Interpreting a CUSUM chart requires some practice.
The CUSUM chart trend shows the way in which the
individual values compare to the overall average. Each
time the measurements are below the overall average, the
CUSUM decreases. Each time the values are above the
overall average, the CUSUM increases. A slope change
in the CUSUM graph indicates a sudden change in the
average. Periods where the CUSUM chart follows a
relatively straight path indicate a period where the
average did not change.
Two CUSUM charts are plotted in Figs. 7 and 8,
where a sudden change in direction can be seen around
1995. The results of the CUSUM charts of the series are
presented in Table 2, where it can be seen that around
1995 the average shifted. The conclusion of the analysis
is that the precipitation regime is changing in Dobrudja
area.

Fig. 6 Example of annual precipitation anomaly chart
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Table 2 The result for CUSUM chart for climate stations

Fig. 10 The isohyets 1995 – 2005

4 Conclusion

Fig. 7 CUSUM chart for Adamclisi station

Analyzing the results of all tests for the ten stations we
observe:
(i) 1995 is the break point year,
(ii) in the climatic unit II, after 1995, the mean annual
precipitation increased with 82.8 mm, a fact which is in
concordance with the estimations made for Romania and
Europe [6], [14], [15];
(iii) in the climatic unit I (without Jurilovca and
Sulina station) the mean annual precipitation increased
with 98 mm, but, unfortunately, the precipitation
distribution in time is not uniform. For example, at the
Constanta station, in 2004 a precipitation value of 259
mm was recorded (in August 2004), representing one
third of the annual mean precipitation at this station.

Fig. 8 CUSUM chart for Constanta station
The isohyet’s maps (Figs. 9 and 10) depict a general
increase of the mean multi-annual precipitation after
1995, as compared to the period 1965-1995.
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