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Abstract. The present paper points out the impact of climate variations on the development of slope-channel processes 
in the last decades, correlated with anthropic pressure and precipitation in an area of high geological and tectonic 
potential for modeling processes (Paleocene and Mio-Pliocene flysch: marls, clays, sandstones, conglomerates and 
gravels). 
The Mann-Kendal statistical test reveals a general decreasing trend in precipitation and in flow-rates on the Prahova 
River registered at Câmpina, Pătărlagele and Tulnici meteorological and hydrological stations during the 1961-2002 
period. This trend is generalized, as shown by the data registered in similar stations from the Curvature Subcarpathians. 
Torrential precipitation, following periods of drought or long periods of heavy precipitation, may trigger landslides, 
especially in areas where land is improperly used (deforestation, infrastructure constructions). In the case study (The 
Breaza and the Milcov Basin), the determinant landslide triggering factor is tectonic mobility in the conditions of a 
substrate consisting mostly of clays and marls. 
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1. Introduction 
 
The study area lies in the outer southern part of the 
Eastern Carpathians (Curvature Carpathians). From a 
morphographic and morphometric viewpoint (Fig. 1), 
this is a transitional unit (Subcarpathian) between 
mountain and plain (Romanian Plain). Its geographical 
position, geological and geomorphological evolution 
has engerdered complex geomorphological, 
climatic-hydrological and bio-pedogeographical 
processes, partly analysed in previous works. 

This paper aims to present slope processes 
(general and particular) in the Curvature 
Subcarpathians (Romania) influenced by the 
geological and anthropic particularities of the 
region, and triggered by climatic factors in the 
conditions of some changes in the region‘s 
precipitation regime mainly in the last decade. 

Being a unit in-between mountain and plain, 
between the south and the centre of the country, 
crossed by the main hydrographic networks (the 
Prahova, Teleajen, Buzău, Slănic, Râmnicu Sărat, 
Putna and Milcov), human pressure was fairly 
strong materializing, among other things, in 
deforestation and construction. For example, Breaza 
town population density increased from 306 
inh./sq.km in 1930 to 450 inh./sq.km in 2002; as did 
the number of buildings from 3,000 to 9,100 over 
the same period (Grecu & Comănescu, 1998, Grecu 
& alii, 2001) 

2. Geological and geomorphological context  
 

The Curvature Subcarpathians belong to the 
Miocene-Pliocene Carpathian Orogene, Subcarpathian 
nappe (the flysch containing: marls, gravels, clay, 
sand and conglomerates). Their position at the 
contact of the East-European Microplate, Black Sea 
Microplate, Moesian Microplate and Pannonian 
Microplate accounts for active neotectonics.  

The highly faulted Curvature Subcarpathians’ 
geological structure is the result of the Moldavian 
and Wallachian tectogeneses (Miocene and 
Pleistocene, respectively). The large number of 
faults is due to a change in the direction of 
compression from NW-SE to N-S (Hippolyte & 
Săndulescu, 1996). 

Uplift movements in the Pleistocene were of 
great amplitude, up to 1,000m (see Măgura 
Odobeşti between Putna and the Milcov valleys). 

In terms of structure, the Curvature 
Subcarpathians contain two units: an internal  folded 
sector and a monocline external one  between the 
Trotuş and the Dambovita valleys. There is a 
complex structure with asymmetric faulted folds and 
diapir folds (Săndulescu, 1984).  

The Curvature Subcarpathians are situated in a 
seismic region, with the presence of diapir folds, 
mud volcanoes and burning fires, severe relief 
fragmentation (a stretch of submontane depressions 
surrounded by hills, separated and closed in at the 
exterior by two lines of hills). 
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Fig. 1: Curvature Subcarpathian – hypsometric map. Meteorologic stations and areas of study 

 
3. Results and discussion 

 

3.1. Trends in precipitation 
 
Average precipitation in the Curvature Subcarpathians 
reach 600-800mm/ year, with a maximum of 80-100 
mm/24 hrs. Torrential rainfalls are registered mainly 
in July-August due primarily to the Carpathian 
Curvature which bars the advection of moist tropical 
air carried by Mediterranean cyclones. Maximum 
precipitation were registered at Pătărlagele and 
Câmpina weather stations (177.8 mm on July 2, 
1975 and 135.6 mm on August 25, 1954, 
respectively) on the outer Carpathian slopes and in 
the valley corridors. The monthly averages and 
maxima found at Câmpina, Pătărlagele and Tulnici 
stations are analysed here in (Table 1, Fig. 2) (Data 
supllied by the National Administration of 
Meteorology). 

Statistical trends in the quantity of precipitation 
(monthly averages and maxima/ 24 hrs) in the 
Curvature Subcarpathians are assessed by the Mann-
Kendal test. This non-parametric test enables 

detecting the statistical trend in a data row and 
calculate its significance. The positive or negative Z 
test value indicate an increasing or decreasing trend 
in data row values (Salm & alii, 2002). The 
equation was used for row data larger than 10. 
The results of the Mann-Kendal statistical test 
(Tables 2, 3) emphasize a decrease in the monthly 
average quantity of precipitation in February and 
May at Câmpina station and in January at Tulnici; a 
similar trend in the monthly maximum quantity/ 24 
hrs was found in August at Câmpina and in January 
at Tulnici stations. An increasing trend in the 
monthly average quantity was registered in March at 
Tulnici. After 1969 and especially after 1984, the 
decrease in precipitation all over Romania was 
connected mainly with the positive stage of the 
North Atlantic Oscillation (Busuioc & Van Storch 
1996; Tomoizeiu & all, 2003; Ghioca, 2006).  

The highest monthly averages over the past 45 
years (1961-2005) were above 100mm every month 
of the year, but particularly in the summer time 
(with a maximum of 296.0 mm in July 1975), but 
also in May and December (Table 4). 

 
 

Weather station Interval 
Altitude 

(m) 
Average quantity of precipitation/year 

 (mm) 
Câmpina 1961-2002 461 714 
Pătărlagele 1961-2000 289 629 
Tulnici 1961-2002 571 656 

 

Table 1 Main characteristics of the Curvature Subcarpathians weather stations studied 
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Fig. 2: Monthly variations in: A) average quantities of precipitation;  

B) maximum quantities of precipitation/ 24hrs registered at the Curvature Subcarpathian weather stations 

 
Weather 

station 
I II III IV V VI VII VIII IX X XI XII year 

Campina -1.53 -2.76 -1.21 -0.57 -2.08 0.63 -0.35 -0.35 1.14 0.21 -1.28 0.08 -1.24 
Patarlagele -1.09 -1.29 0.41 -0.72 -0.52 0 -1.30 1.08 0.31 0.89 -0.44 0.64 -0.93 
Tulnici -1.68 -1.29 1.77 -0.89 -1.12 0.46 -0.68 -0.50 1.08 0.00 -1.05 0.40 -1.06 

 

Table 2 Statistical trends in the evolution of monthly precipitation average at three Curvature Subcarpathian weather 
stations (Mann-Kendal test) 

 
Weather station I II III IV V VI VII VIII IX X XI XII year 

Campina 0.21 -1.67 -1.62 -0.71 -1.92 -0.24 -1.22 -1.99 1.25 -0.5 -1.79 0.99 -2.31 

Tulnici -1.76 -0.63 1.12 -1.43 -0.27 0.68 -0.62 -0.75 1.07 -0.55 -1.08 -0.22 -1.02 
 

Table 3 Statistical trends in the evolution of monthly maximum quantities precipitation/ 24 hrs (Mann-Kendal test)  
at two Curvature Subcarpathians stations 

 
Year/ 

Month 
I II III IV V VI VII VIII IX X XI XII YEAR 

1997 8.0 13.7 42.8 130.9 67.1 103.1 142.3 274.4 27.5 58.6 51.9 78.2 998.5 

1998 108.9 4.4 21.8 27.8 92.5 150.8 90.1 65.1 139.4 92.5 44.0 22.9 860.2 

1999 14.3 29.5 14.0 151.6 72.0 62.3 51.5 176.6 75.5 53.6 31.7 59.3 791.9 

2000 27.8 33.4 22.2 31.0 10.3 64.7 41.5 20.7 92.7 1.1 14.1 11.3 370.8 

2001 34 28 43 45 38 174 39 32.4 96 13 17 12 571.4 

2002 3 1 1 37 25 121 179 84 55 62 68 93 729.0 

2003 59 24 21 24 32 74 85 59 51 104 48 32 613.0 

2004 36 11 25 45 49 45 190 54 60 43 112 23 693.0 

2005 
29 98 42 47 163 118 192 261 195 5 42 46 1238.0 

Average 
(1961-
2005) 

39.7 40.1 39.3 59.7 91.0 112.4 101.2 84.6 52.3 45.3 54.1 51.4 771.1 

Min.  
(1961-
2005) 

1.6 3.8 0.0 5.8 10.3 31.7 17.5 10.7 3.5 0.5 2.2 1.2 370.8 

Max. 
(1961-
2005) 

121.2 125.8 100.8 151.6 220.2 274.0 296.0 274.4 173.7 187.1 190.4 218.7 1050.1 

 

Table 4 Monthly and annual average quantities (mm) at Câmpina station (1997- 2005) 
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Values being so high comes from the location of 
Câmpina station in the Prahova Corridor, a valley 
widely open to the south and therefore favourable to 
the penetartion of a moist Mediterranean air, as well 
as insolation and thermal convection in the warm 
season of the year. 

Noteworthy, three of the highest monthly 
quantities of rain were recorded over the past ten 
years: 274.4 mm in August 1997; 151.6 mm in April 
1999 and 195 mm in September 2005 (Table 4). 

In 1997, excess humidity set in as early as 
spring, reaching a peak in July and August, and 
paving the way to the development of intense and 
deep large-scale, geomorphological processes. 

A climate record years was 2005, when annual 
quantities of 1,238.0 mm registered at Câmpina 
station meant a deviation of 466.9 mm from the 
multiannual mean (771.1 mm). Moreover, the total 
quantity of the September rains represented the 
absolute maximum of this month.  

The intensity of that year’s geomorphological 
processes was the consequence of impressive 
quanties tell in excess for five succesive months, 
from May through to September (Dragotă, 2006). 
The 118.4 mm of rain fallen on September 20, 2005 
represented the absolute maximum of precipitation/ 
24 hrs ever registered at Câmpina station over the 
1901-2005 period. 

The worst effects of precipitation-induced land 
degradation on slope happened in the warm season, 
especially in the summer months, when heavy falls 
had the greatest frequency, intensifying erosion and 
landsliding. 

Rainy days (over 10 mm/ day) are very frequent 
in June and July. In the conditions of a moist soil 
precipitation of > 10 mm enhances degradation 
processes through run-off on slope (rain-induced 
denudation) and concentrated overland flow (rilling 
and gullying). 

In transitional seasons there is also a high 
frequency of short, torrential falls and of lengthy 
intervals of rain when the important quantities 
recorded lead to the degradation of land. However, 
degradation is particularly intense in spring, when 
terrains are ploughed and the rain falls on the moist 
soil left over by snowmelt (Sandu & Bălteanu, 
2005). Whenever heavy rainfall follows long periods 
of dryness, soil erosion is particularly severe, 
especially on slopes cultivated with hoeing plants. 
 

3.2. General slope processes in the Curvature 

Subcarpathians 
 

3.2.1. The Breaza landslides (Prahova Valley) 
 

Breaza town witnessed landslide reactivation after 
the August 1997 and September 2005 torrential 

rains (274 mm at Câmpina station and 194 mm, 
respectively) . 

The active landslide dynamic seen on the Breaza 
terrace scarp (60-65m) (Photo 1). over the past ten 
years is due to both climatic conditions and 
anthropic factors. Observations made between 1996-
2007 show a steady degradation and reactivation of 
old landslides (Fig. 3, 4). 

The buildings located in the landslide deluvium 
and intervention in the phreatic sheet reactivated 
landslides in the conditions of torrential 
precipitation in 1997 (Grecu, 1999; Grecu&all, 
2001), 2005, 2006 . 

In 2007, the danger for the neighbouring 
buildings to slide made the authorities take 
measures against sliding and the management of 
slopes. The analyzed landslide is developed on 
Breaza’s scarp of terrace (65-75 m) (Fig. 5). The 
altitude at the top of the landslide (the main 
detachment gulch) is at 534 m and the contact with 
the flood-plain is at 478 m. Geologically it is 
characterized by terrace deposits (gravel alternating 
with clay), isolated gypsum stones appear that 
initiate or reactivate the landslides. The regressive 
development led to the destruction of some farms, 
the road of local interest and increases the risk for 
many households including the proximity school. 
The importance of studying the landslide resides 
also from the fact that downstream there is an 
important transcarpathian thoroughfare (national 
road, main railway and, in perspective, the highway 
Bucharest - Brasov). Thus the knowledge and the 
providing of the slope dynamics are particularly 
important, the landslide being monitored by 
successive mapping of land and special techniques. 
The numeric model of the land was worked out on 
the basis of detailed topographical takings using 
DGPS and the total station. 

 
3.2.2. Landslides in the Milcov Basin 
 

Milcov Basin is placed between 500 and 750 mm 
isohyets. The multiannual average values for the 
analyzed bases are: Focsani (546.8 mm), Odobeşti 
(637.4 mm), Tulnici 645.3 mm) and Lăcăuţi (828.3 
mm). In these weather bases is observed that only 
during the warm season (May-September) there is a 
direct relationship between precipitation and relief 
altitude. It is the season of maximum dynamics of 
landslides. Due to Atlantic cyclones activity the 
highest amounts of rainfall throughout the year are 
registered (about 2/3 of total rainfall). During the 
winter, the amount of precipitations is lower 
because of the influence of the foehn wind. 
Frequently, during the winter, at the weather base 
Tulnici are less precipitation than at Odobeşti.  
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Fig. 3: Breaza landslide map (july 2006) 

 

       
 

                   Fig. 4: Breaza landslide (frontal view)                                       Fig. 5: The main Breaza landslide and its effects 

 
Rainfall intensity is the determining factor in 

triggering landslide. The highest values of the 
maximum amount of rainfall in 24 hours occurred in 
July and the lowest one in February. In was 
developed that in Vrancea Subcarpathians the 
precipitations under 30 mm, with a weight of 50-
55% of total precipitation, generates less than 15% 

of the erosion, while those above 30 mm, over 85% 
of the amount of the eroded material (Constandache 
C., Nistor, S., 2006). 

For the Bend Subcarpathians the maximum 
rainfall intensity, of 0.11-0.25 mm/min, has the 
highest share (22.4%) of total precipitation. It 
follows the maximum rainfall intensity of 0.26 - 



F .  G R E C U ,  L .  C O M Ă N E S C U ,  G .  T O R O I M A C ,  R .  D O B R E ,  R .  S Ă C R I E R U ,  C .  M Ă R C U L E Ţ  

 

50 

0.50 mm/min (21.5%) and over 0.50 mm/min 
(20.8%) (Bogdan O., Mihai E., 1985). The strongest 
intensity of pouring rain was 6.9 mm/min 
(14.08.1977, Tulnici). The number of days with 
precipitation above 10 mm range between 22.6 
Lacauti, 19.5 Tulnici, 19.6 Odobeşti, and 16.4 
Focsani.  

The wettest years of the last half century were 
1961, 1962, 1966, from 1969 to 1972, 1977, 1979, 
1997 and 2005. In 1977, after the earthquake of 
March 4 (7.2 on the Richter scale) it followed a 
rainy summer. The highest daily amounts were 
recorded on 25th of August: Tulnici 82.6 mm, 
Lacauti 93.7 mm, Odobesti 51.5 mm. These have 
resulted in the production of landslides in 
Andreiasu, Reghiu and Mera (Fig. 6).  

The precipitations of 12-13th of July 2005 led to 
record historical flow of Milcov 696 m3/s. The 
lateral and depth erosion processes were very 
intense, causing large changes in the riverbeds. The 
country road Focsani – Butucoasa was seriously 
affected; this road follows Milcov river most of its 
course (Săcrieru R., 2008). Most of the reactivation 
of landslides occurred regressively due to 
undermining the basis of slopes. Broşteni, Mera and 
Lower Andreiaşu localities were affected. Milcov 
Basin is characterized by large hydro and forestry 
facilities made after 1960. There are 197 hydro 
transversal works (dams of concrete and stone 
masonry). After the precipitation from July 2005 it 

was observed a very clear difference in stability 
between the slopes that have been installed of the 
basin Arva and the ones that haven’t been installed 
of the basin Valea Rea (Săcrieru R, 2008). 

 
3.3. Particular slope processes in the Curvature 

Subcarpathians 
 

The pseudo-karst of Meledic developed on salt and 
the salt breccia (Aquitanian), on the lefthandside 
slope of the Slănic River, between Valea Sării, 
Meledic and Jgheabu. Pseudo-karst forms such as 
karst depressions and lapis lies on the plateau. The 
internal pseudo-karst is represented by forms that 
are less resistant in time. In some karst depressions 
lakes were formed by the accumulation of 
precipitation water; these are fresh water lakes, 
because their clay- covered bottom is impervious. 
There is significant salt slope dynamics at Meledic 
due to the action of rain and wind (Fig. 7). 

The mud volcanoes on the Păclele Hills were 
formed in an anticline depression of an anticlinale 
axis, in Pontian deposits, bordered by cuestas 
corresponding to Dacian and Romanian formations. 
Mud eruption is the work of inside natural gas 
pression which creates mini-volcanoes (Pâclele 
Mari, Pâclele Mici). The dynamics of mud 
volcanoes is connected with precipitation, mudflows 
contributing to the deepening of gullies (Fig. 8). 

 

 
 

Fig. 6: Milcov basin: slope landformes and processes 
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Fig. 7: Meledic – salt slope modelling A) by hydric erosion B) by eolian action 

 

                 
 

Fig. 8: Mud volcanoes – A. Slope modeling by gully erosion B. The mud role in gully aparition 

 
4. Conclusions 
The geological, geomorphological and anthropic 
particularities enhance dynamics on the Curvature 
Subcarpathian slopes. The quantity of precipitation 
is a triggerring factor of slope processes. By their 
torrential character, precipitation may tarn slope 

processes into natural hazards. Although the 
multiannual evolution of precipitation amounts in 
the Curvature Subcarpathians shows a statistically 
decreasing trend, yet in Breaza area landslides have 
become ever more frequent is over the last 10 years 
in particular. 
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