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ABSTRACT.- Tthe context of the geomorphological processes in urban area 
of  Ppiatra-Neam  city. The paper approches the issue induced by the 
geomorphological processes in the development and planning of Piatra-Neam  
city. The methodology used for this study has implied the identification of the 
slope`s geomorphological processes: rock fallings and landslides produced due to 
the clay bedrock, precipitation`s water infiltration, deforestation and other human 
interventions. The identification of these processes was followed by their 
clasification and inventory and was continued with the mapping process of the 
affected areas from the territory, such as: southern and western sides of Cozla Hill, 
the south-western side of Pietricica Hill, Bâtca Doamnei Hill, Hum riei Hill and 
Vulpea Hill. The geomorphological processes from the study area induce 
restriction in the development and planning of the city through their associated 
risks. Furthermore is necesary to search a new methodology to approach the risks 
induces by the geomorphological processes and this shall imply predictibility, 
control, risk studies and preservation of the affected areas. The given study is 
practicaly useful in identifying the development  measures for the urban areas by 
being part of the territorial planning and urban studies.  
 
Key words: geomorphological processes, restriction, methodology, development, 
Piatra-Neam  

 
 

1. Introduction 
 

The purpose of this study was the context of the geomorphological 
processes in the functional reorganisation and development of the urban space. 
These processes can induce geomorphological risk phenomena in the analysed 
territory. The geomorphological risk contained by a territorial system is 
proportional with its vulnerability to a certain hazard or environmental change, but 
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it is also proportional with the human comunities vulnerability which values the 
territorial system. The risk is linked with the human presence in territory, without 
the human factor there is only hazard. This fact implies an educational process, 
according to the psycho-social and cultural structure of the given society and the 
implementation of adequate measures for diminishing the danger and stabilizing or 
eliminating the geomorphological processes which cause it, in order to obtain an 
efficient risk management.  

Human vulnerability is linked to the level and quality of the built 
anthropogenic environment and its development. This environment includes 
physical infrastructure necessary for living and human activities: houses, office 
buildings, schools, hotels, roads, railways, water system, electricity and any other 
changes that people make in natural environment. The fragility and the 
vulnerability of the environment is highly dued to the geomorphological processes 
that can induce damages.  

The geomorphological processes from Piatra-Neam  area are determined 
by the instability, vulnerability and fragility of the lands to the action of the outside 
factors: precipitations, human interventions, but they are also determined by the 
inside factors: substratum, rock type, the alternation of the permeable rock horizon 
with the non-permeable, slope, fragmentation, etc. Geomorphological processes 
which affect deeply the analysed area are the landslides and rock fallings. Most of 
the geomorphological processes develop constantly and have negative effects 
among population, economy, human activities and environment. The landslides 
from this territory have a high level of impredictibility especially due to extreme 
meteorological phenomena (long rainy periods, snow melting) or due to some 
inappropriate, sudden, masive human interventions (deforestations and 
constructions).  During 2000-2009, until the economical crisis, in the urban area of 
Piatra-Neam  took place an expansion fenomenon of the administrative territory, 
developping building areas, uncontrollable, in areas with active geomorphological 
processes which can be accelerated and difficult to control because of the human 
intervention. Many of these buildings didn`t have risk studies or environmental 
impact studies.   

 
2. Methodology and study stages 
 
The research methodology consisted in the identification and the analysis 

of the geomorphological processes from the territory such as: erosion, mass 
movement processes (landslides and rock fallings) and their conditions of 
production (precipitations, deforestation, substratum, slope, drainage depth). The 
context of these processes is very important due to their major impacts among the 
territorial development, planning and urban functions, economy, environment and 
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other aspects that can compromite the material security and even psychological 
security of the inhabitants. 

For example, the identification, analysis and evaluation of a landslide is 
highly important for the transport infrastructure or for the development of the 
building areas from the administrative urban territory. In these given circumstances 
the location, distance, dinamics and susceptibility of the landslide is a useful source 
of data in analysing the relation between human elements of the urban space and 
the geomorphological processes which can be a condition to their development and 
evolution. 

For achieving the purpose of the study there were consulted topographical 
maps, 1:25.000 scale, such as: geomorphological map, geological map and 
geological paper works in order to analyse the structure and the texture. There was 
also consulted PUG Piatra-Neam  and the ISU maps regarding the areas susceptible 
to landslides and it was analysed a satelite image, 1:5000 scale for a better 
accuracy. There were consulted paper works regarding the history of the 
geomorphological processes in this urban area and the associated risks, the 
damages, the affected inhabitants and households, the land-use and the natural or 
human changes during the years.  

The identification of the geomorphological processes is the most important 
step in their research and evaluation in the analysed territory. Their context in the 
urban space is represented by the delimitation of those areas that have a high 
vulnerability, fragility and instability reported to other areas from the 
administrative zone. The methodology was applied according to  H.G. 382/2003, 
art. 13, from a diagnosis stage (the analysis of the existent situation from the 
territory) consisting in the analysis of the geomorphological processes and the 
consequences represented by their manifestation, and a prognosis among these type 
of events based on the existing situation data. 

At the beginning, the analysis of the affected areas started with the 
identification of the causes of production and manifestation of the 
geomorphological processes derived from the land-use. It was also considered the 
analysis of the hazard probability given by the localisation, substratum, 
precipitations quantity, the pressure and the human activity from the area, the 
analysis of the phenomenon and its consequences. The analysis of the processes 
can be achieved from the age and the intensity of the gully erosion, the volume of 
the diasabled land, the frequency, the financial impact given by the costs for the 
affected lands adjustments, the measures established for the enhancement of the 
situation etc.  

All the data and information were analysed, organised and processed in 
order to consist the base for the geomorphological mapping ang GIS analysis of the 
affected areas from Piatra-Neam : southern and western sides of Cozla Hill, the 
south-western side of Pietricica Hill, Bâtca Doamnei Hill, Hum riei Hill and 
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Vulpea Hill. The result of the research consists in the elaboration of the maps for 
the factors that have influenced the debut and the evolution of the 
geomorphological processes, such as: hypsometry, geology, slope, drainage depth, 
soils and land-use, the next result was the representation of the affected areas on 
the topographical map. The practical utility of these maps is to be reflected in the 
elaboration of the planning and development documents for the urban area by the 
representation on those areas which iduce restriction in the urban planning and 
development process.   

 
3. Results 

 

 
 

Figure 1. Hypsometry map 
 

 
 

Figure 2. Geology map 
 

Piatra-Neamt city has as a natural base, due to its contact position, a 
variety of relief forms which are the result of: a geological structure disposed as 
longitudinal north-south oriented stripes, lithology and structure shaping, hydro-
climatic and biogeographical elements and anthropogenic activities. The most 
important element in the present morphology of the city is Bistri a river that has a 
transversal course in the mountain area reported to the external flysch area. In the 
subcarpathian area the valley has a width with values between 4 and 7 km and it 
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Figure 3. Slope map 

has extended terraces on which is placed the urban area of the administrative 
teritory.  

The territory of Piatra-Neam  is defined by the Oriental Carpathians units:  
Stâni oarei Mountains and Go manu Mountains and also by the subcarpathian 
Crac u-Bistri a Depression, situated at the eastern part of the mountainous units.  

Stâni oarei Mountains are present in the analysed territory only with their 
southern part, they belong to the flysch stripe and they reach a maximum 806 
meters altitude in Prihodi te Peak and 651 meters in Cozla Hill. Go manu 
Mountains are situated in the south- westen part of the city, they belong to the 
sandstone flysch stripe and they reach a maximum 920 meters altitude in C z cuci 

Peak and 851 meters in Cernegura Hill. 
The slopes of this mountain were 
affected in the past by high frequency 
landslides. These two mountainous units 
are separated by Bistri a Valley, its 
evolution started in Medium Sarmatian 
(Donis , 1968) and the fluvial relief 
forms due to the erosion, transport and 
accumulation process. Bistri a Valley 
develops two down terraces levels (10-
15 meters) and two slope terraces level 
(15-20 meters). Crac u–Bistri a 
Depression is a homogeneous 
morphostructural unit, with low 
fragmentation and with lower altitudes 
from north to south, according to the 
hydrographical courses. On the central-
western part of this unit is placed the 
administrative territory of  Piatra-Neam  
city. Another unit which defines the 
urban settlement`s morphology is 
Cuiejdi Defile, extended between Cozla 

Hill and Pietricica Hill, on an ex-course of Bistri a river (I. Bojoi, 1973). 
In the city territory can be distinguished altitudinal levels on which is placed 

the urban space: 450 meters average altitude level is the most extended, it 
encompasses the urban area, over Bistri a Valley and the subcarpathian area and it 
represents 59% of the total surface of the city. The 450-650 meters altitude level 
characterizes the mountain space of the territory, it belongs to the forests fund and it 
represents 30% from the administrative territory. The last level has altitudes over 650 
meters, it is the high mountainous area and it represents 11% from the total surface. 

Slopes have a high variety in this space. The form, lenght and the aspect of 
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the slopes influences the drainage speed and the manifestation of the erosion, 
transport and accumulation process. In the depression area, in the meadow and in 
Bistri a`s terraces the slope values are between 0-2° and 2°-5°. In Stâni oara 
Mountains, on the interfluves slopes, have values under 2° but, the majority of 
slopes are 10-15° or even 15-20°, there also appear high slope values 20-30°. In 
Go manu Mountains, slopes have 2° value on the interfluves, the most frequent 
values are between 10-15° and 15-20° but there also appear slopes with 20-30° 
values or even over 30°, at low a.ltitudes, on the left side of the Doamna river. It is 
relevant for our study the fact that slopes with 10-20° values dominate the most 
part of the mountainous territory and determine geomorphological processes 
manifestation, such as landslides.  
 

 
 

Figure 5. Pedological map. 
 

 
 

Figure 4. Drainage depth map. 
 

 
Drainage depth is influenced by the hydrographic reseau that drains the 

territory and has a value of 0,5 km/ km² in the urban area and on the interfluves 
plains but in the gully and torrents affected areas its values are over 3km/km² (M. 
Ap v loae, 2005). Drainage depth depends on the rock type and slope.  

In Piatra-Neam  territory have been developed three types of relief: fluvial 
relief, fluvial- denudational relief and anthropogenic relief. These types of relief 
are the results of the geomorphological processes and, in the anthropogenic relief 
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case, even the cause for geomorphological processes.  
Fluvial relief is representative for the city and its human sustaining 

elements are the terraces, the meadow terraces (along mainstream, with 4-5 meters 
altitude, slightly vulnerable to floods) and the slope terraces. The slope terraces 
have higher altitudes, are not vulnerable to floods  but here are evinced lateral 
erosion processes. Along Cuiejdi river were formed terraces of over 5 meters 
altitude in clay depossits. The 10-15 meters terrace has the largest extention on the 
left side of Bistri a river and it gets to a width of 1,5 km. The center of the urban 
area and a large part of the city is placed on the 15-20 meters terrace. The 35- 40 
meters terrace is situated in the eastern part of the city, under Pietricica Hill, this is 
followed by the 100-120 meters terrace through V r riei Hill and the 140-160 
meters terrace which represents the highest terrace level from the administrative 
territory (M. Ap v loae, 2005). 

Fluvial-denudational relief formed due to the manifestation of the erosion 
processes or mass movement processes. As morphological units of this relief are to 
be mentioned: slopes with interfluves and plains (Hum riei Plain), erosion forms 
represented by rills and gullies and the accumulation forms such as glacis (eastern 
part of Pierticica Hill, under Vulpea Hill) and alluvial fans (at junction zones). This 
type of relief is a result of the geomorphological processes in the urban area 
context.  

Human action upon relief morphology is very important because it has 
been consisting in the main element which causes the geomorphological proceses 
manifestation nowdays and it determines damages due to intensive land-use and 
deforestation that accelerated the erosion, the road building and the dam building 
that affected slopes equilibrum, etc.  

Geomorphological processes from Piatra-Neam  territory have the best 
representation in landslides and rock fallings but also in gully erosion. There is to 
be distinguished river bed processes of high intensity on the tributary rivers due to 
the hydric regime and slopes and they are manifested through erosion, 
meandration, changes of the river course, alluvial fans formation, frequently 
observed on Cuiejdi river or Doamna river. The erosion is extended due to the 
rock, slopes, vegetation and human activities and it manifests especially through 
rills and gullies in the western side of Crac u-Bistri a Depression due to the 
miocene substratum, depossits stratification, accentuated slopes, land exploitation 
and torrents, on more than 14° slope and, also, on terraces fronts. These processes 
highly affect soil and induce material damages. 

The oldest landslide from Piatra-Neamt territory is from Pleistocene, more 
exactly from Medium Pleistocene (I. Donis , 1968), the other ones have Holocene 
age (T. Morariu, 1964), this is how Bâtca Doamnei Hill formed. Some of the 
landslides are quite recent, from the 19th century, some are stabilized but some are 
reactive because of the uncontroled human intervention or hydro-climatic factors, 
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for example, in 1950, a landslide occured and block Doamna river`s bed. In general 
even if the landslides are stabilized there still exists the reactivation danger due to 
the mentioned factors, in these circumstances must be taken monitorizing, 
evaluation and control measures.  

Landslides are spreaded in the 
administrative territory of Piatra-Neam  in 
the western part of the Crac u-Bistri a 
Depression, in mountainous area of 
Cozla, Bâtca Doamnei Hill, Pietricica 
Hill, Hum riei Hill and Vulpea Hill. On 
the western side of Cozla Hill the most 
recently manifestation of landslide was in 
2010, after a rainy period and an intense 
human intervention that disturbed the 
equilibrum of the slope. In july 2010, the 
City Hall got the approval from the 
Environment National Agency to plant 
110.000 seedlings in the affected areas for 
the stabilization of the landslides. This 
action was not a success because there 
were not planted not even a quarter.  

The clay bedrock, the 
alternation of the permeable rocks 
horizons with the non-permeable ones, 
the slopes values from 10° to 20° , 
hydro-climatic regime and the human 
intervention determine three types of 
landslides characteristic to the analysed 
space: 

-  Monticule – formed by the sliding of the deluvial material, on the 
eastern side of the Cozla Hill, stabilized by locust trees and the 
building of Cuiejdi channel, on the north-eastern side of Pietricica Hill 
where are to be found swamp depressions; 

- In steps – this type of landslide often affects the structure of the base 
rock, they can correspond to the structure (the left side of Borzogheanu 
valley) or they can be in the opposition with the geological strata by 
breaking the strata (the right side of Borzogheanu valley); 

- In waves- in the areas with a rich clay mass- Bacioaia Coast from 
Cozla Hill, where are high and long waves, 200- 300 meters and right 
side of Doamna valley. 

 
Figure 6.Areal representation of the 

geomorphological processes. 
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Figure 7. Land-use. 

Lately, in Piatra-Neamt city 
the land-use has been intense, it has 
been imposed an organisation of the 
space and an urban planning which 
determined pressure on the 
environment, especially in Cozla 
Hill through the development of the 
touristic infrastructure starting with 
the interventions for a gondola 
system and sky slope. Other human 
intervention with high impact in 
geomorphological processes 
manifestation were in Pietricica Hill, 
Vulpea Hill (exploitation), Bâtca 
Doamnei Hill (masive deforestation 
until becoming forest reservation). 
Tourism development in the area 
impose preserving measures for 
natural environment, restrictions 
where is absolutely necessary for not 
being affected species of plants and 
animals but it is also highly 
recommended the improvement of 
the control and the monitorization of the affected areas or the ones susceptible to 
geomorphological processes.    

 
4.Geomorphological processes context and urban planning                
strategies 
 
The context of the geomorphological processes in Piatra-Neamt city had as 

a main purpose the identification of the affected areas and the identification of the 
irregularities in the urban planning. In Romania the legislation regarding risk 
pheomena includes three types of risk induced by: earthquakes, floods and 
landslides. These types are included in Law 575/2001 regarding the risk areas and 
in the V th section from PATN. According to H.G. 350/2001, the urban documents 
such as PUG, PUZ i PUD must include all those three aspects of the risk 
situations. After analysing the urban planning documents there was identified some 
irregularities in their content according to the related laws. So, from PUG Piatra-
Neamt are missing the documents regarding associated risks of earthquakes and 
landslides.  
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On the other hand, according to the V th section from PATN, in Piatra-
Neam  administrative territory were identified landslides which determine a 
medium risk with a medium probability of landslides, slightly affected zones and a 
medium to high production potential.   

 According to art. 10 from Law no. 24/2007 regarding the regulation and 
administration of green spaces from the urban area, there can be observed some 
irregularities in the green spaces reseau preserving and development that refers to 
equal distribution of green spaces reported to the territorial unit and the green 
spaces creation by trasforming the bad lands and affected areas.  But, in Piatra-
Neam , some areas affected by the geomorphological processes are under 
construction activities, public property, and in this way they cannot be transformed 
in green space (south-western side of Cozla Hill). 

O.U.G. 195/2005 regarding environment protection, art. 71, estabilishes 
that it is forbiden to change the destination of the lands used as green spaces, but, 
during PUG 2006 until present in some of these areas, were buit parking places.  

 According to H.G. 382/2003 regarding the approval of the methodological 
guidelines for the urban planning documents content and for risk areas, art.10 was 
violated because the drawn pieces of these documents refering to the mentioned 
issues were not eleborated. It does not exist any map for risk or vulnerability, not 
even a mapping of the geomorphological processes. Although ISU Neam  
identified landslides (Bâtca Doamnei Hill and the western side of Cozla Hill) in 
their analysis upon the territory of the county. 

In the Development Strategy of Piatra-Neam  city, in the chapter regarding 
the environmental protection and urban regeneration, are nominated as 
disfunctions: 

- The slopes affected by the potential active landslides;  
- Deforestation, green spaces and parks affected by the human 

activities;  
- Inadequate planning process in protected areas. ” 
 Although these are major disfunctions from the administrative territory, the 

risks associated to the affected slopes, deforestation and inadequate planning 
process do not have corresponding measures for the enhancement, monitorization 
or the elimination of the situations.  

It is also violeted art. 14 from H.G. 382/2003 regarding the existing situation 
analysis of the areas affected by the geomorphological processes, the causes of 
production and identification of the risks. The urban documentation does not have 
risk evaluation studies or environmental studies and the urban area boundary 
includes landslides and rock fallings affected areas.  

The law regulation, such as: H.G. 382/2003, Law 575/2001 and H.G. 
350/2001 make the connection between geomorphological processes, associated 
risks and the restriction induced by them in the urban planning and development 
process.  
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5. Conclusions  
 

The identification of the geomorphological processes is the most important 
step in their research and evaluation in the analysed territory. The context of these 
processes in the urban space consists in delimitation of those areas with high 
vulnerability, fragility and insability at their manifestation reported to the other 
areas of the administrative territory and the delimitation of those areas with a 
history in geomorphological activity.  

All the data and information were analysed, organised and processed in 
order to consist the base for the geomorphological mapping and GIS analysis of the 
affected areas from Piatra-Neam : southern and western sides of Cozla Hill, the 
south-western side of Pietricica Hill, Bâtca Doamnei Hill, Hum riei Hill and Vulpea 
Hill. The result of the research consists in the elaboration of the maps for the factors 
that have influenced the debut and the evolution of the geomorphological processes 
and the representation of the affected areas on the topographical map. The practical 
utility of these maps is to be reflected in the elaboration of the planning and 
development documents for the urban area by the representation on those areas 
which iduce restriction in the urban planning and development processes. These 
aspects are to determine the strategical paths for the development of the urban space 
taking into account the restriction induced by the geomorphological activity and its 
associated risks. Furthermore this study is useful as a base for the local construction 
regulation and anthropogenic intervention in the environment.  
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