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Abstract: This study represents a complex analysis of favorable and restrictive factors created in order to identify the suitable areas 
for a macro ski development on Prahova Valley, Romania. Our goal is to integrate the solutions in the existent touristic infrastructure 
for practicing winter sports (ski, snowboard, etc.). The work represents an analysis of applied geomorphology and it can be very 
useful for the policy makers and the local authorities in order to access funded projects. 

The methodology aims two aspects: relief parameters analysis (slope, aspect, soil texture) and climatic factors analysis (snow 
depth, solid rainfall, wind). Each parameter is analyzed and classified according to common characteristics, reclassified into the 
suitability categories and plugged into a formula. The result is the suitability map for ski area development. 

The target of this study is to analyze, develop and propose in Romania, a complete system such as the international ones. 
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1. Introduction 

 
Applied geomorphology is a new discipline 
developed in the last century. Detailed researches 
have been carried out recently. Internationally 
speaking, applied geomorphology studies have been 
focused on the relationship between man and the 
environment and also on the access mode of the 
sustainable development projects. We can notice 
following studies. (Cendrero, 1991; Chardon, 
Thouret, 1994; Panizza, 2000; Beniston, 2005; 
Reynard et al., 2004). 

In Romania, this type of studies was generally 
focused on mountainous areas with increased 
anthropic pressure. In Prahova Valley area, 
important researches were carried out by:  Mihai, 
2003 – Timiş Mountain Basin, geomorphological 
study regarding current morphodynamics and 
spatial planning; Oprea, 2004 – Prahova Mountain 
Basin, natural potential and landscape assessment 
and Dobre, 2011a, 2011b – Terrain to be suitable 
for constructions on Prahova Valley Corridor. 
Relevant terrain analysis of this area was made by 
Orghidan, 1932; Ielenicz, 1984, 2004; Rădoane, 
2003, 2011; Surdeanu, 1990, 1997, 1998; Mac, 
Râpeanu, 1995; Grecu Florina, 1997, 2002, 2003, 
2009; Mihai et al. 2001, 2004, 2009; Mihai 2003; 
Şandric, 2001, 2004, 2008; Oprea, 2004; Dobre, 
2007, 2011, Irimuş, 2006; Bălteanu et al., 2008, 
2010, Voiculescu, 2009, 2011, 2013; and climatic 
and tourism researches: Bălteanu et al., 2008, 2010. 

2. Studied area 

 
Prahova Valley presents itself as a genuine 
geographical system interconnected between natural 
and anthropogenic components. It has defined and 
created authenticity in Carpathians (Dobre, 2011). 
The area is represented by the mountain sector of 
Prahova Valley between Predeal town in the north 
sector and Azuga town in the south (Fig. 1). Baiului 
Mountains are part of Curvature Carpathians. The 
maximum altitude is 1519.6 m reached in 
Clăbucetul Taurului Peak (Mihai & Şandric, 2004). 
 

3. Methodology 

 

Relief suitability is achieved by analyzing 
parameters and characteristics of the terrain and the 
climatic parameters. For Predeal-Azuga area we 
have considered the following factors: slope, aspect, 
snow depth and soil texture. The parameters were 
weighted and plugged into a formula. 
 To these factors were assigned values from 1 to 
100 based on their influence on the suitability of the 
ski area development. The highest values were 
given high suitability. Once the values have been 
assigned into a reclassification, the four factors 
were weighted by importance using the following 
formula: 
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Where: 
P – Relief suitability for developing the ski area 

F1 – factor 1 = slope 

F2 – factor 2 = aspect 

F3 – factor 3 = snow depth –altitudinal gradient  

F4 – factor 4 = soil texture 

The result of this formula generates suitability 
classes for Predeal-Azuga ski area. 

 

 
Fig. 1. Study area location 

 
Factor 1: Slope – represents the tilt of the 

Earth's surface to the horizontal plane. Basically, it 
is given by the angle between the land surface plane 
and the horizontal plane. It is measured in 
sexagesimal or centesimos degrees by tilting the 
topographic surface (m/km), in percent (%) or per 
thousand (‰). 

The Slope map (Fig. 2) was achieved by 
applying the function Slope from Spatial Analyst 

Tools – Surface Analyst in ArcGIS program. Slopes 
were calculated using numerical model altimetry. 

The result was reclassified into five classes 
(Symbology – Classified – Classes: 5 – Classify – 
Break Value: 5, 7, 30, 40 and the last value 

unchanged). The suitability relief map according to 

the slopes was created by reclassification of the 
anterior result (Arc Toolbox – Spatial Analyst Tools 

– Reclass – Reclassify) in 3 classes (slopes: low, 
medium and high) which they were assigned values 
between 10-100 (Table 2). 

 

Table 2. 

Slope 
Classes Assigned 

values 

Suitability classes  

0 – 5 0 10 Low 
5 0 – 20 0 90 High 

20 0 – 40 0 100 High 
40 0 – 60 0 90 High 

> 60 0 10 Low 
 

The result is a raster that was used in the final 
relief suitability formula for developing skiing 

areas. The next step was to change the raster color 
(Symbology – Classified – Color Ramp). 

 

 

 Fig. 2. The suitability relief map according to the slopes 
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The hydrographic network and the main 
geographic features were overlaid. The DEM was 
used to achieve the Hill shade or shadowing land 
for obtaining 3D effect (ArcToolbox – Spatial 

Analyst Tools – Surface Analyst Tools – Hillshade 

(Input Surface: dem, Z factor: 1 or 2 – exaggerating 
relief). This hillshade may overlap with other layers 
after being given 50-60% transparency (Display – 

Transparency: 50). 
The slope is a very important factor for the sky 

development. The different degrees of difficulty 
were assigned a value in the table below (Table 2). 

We can observe the lowest suitability values 
overlapping with almost flat valley corridors or with 
the peaks. 

 
Factor 2: Aspect – it is a very important factor 

that must be taken into account for developing a ski 
area. The aspect directly influences the amount of 
solar radiation that reaches the Earth's surface and 
causes snow melting. Due to the smaller quantity of 
solar radiation, the most favorable aspect is the 
northern orientation followed by northwest and 
northeast orientation. 

A considerable caloric energy is recorded on the 
western and eastern slopes followed by the south-
western slopes. South-eastern and southern slopes 
are warmer and drier. 

The Aspect map was achieved by applying the 
function Aspect from Arc Toolbox – Spatial Analyst 

Tools – Surface Analyst Tools in ArcGIS. The first 
results were classified into 8 classes taking into 
account the orientation towards the cardinal points 
that is based on a 3600circle (Fig. 3). Then the grid 

was reclassified by changing degree values from 
Break Values (Symbology – Classified – Classes: 5, 

Classify) with: 22.5, 67.5, 112.5, 202.5, 247.5, 
292.5, 327.5 and the last was unchanged (Table 3). 
The result was a nine class grid. 

Nine classes reclassification grid: The north 
previously represented in 2 classes (1 and 9) will be 
merged in a single class (1). Arc Toolbox – Spatial 

Analyst Tools – Reclass – Reclassify. Value 9 from 
new values (representing 337.5-3600) is replaced by 
the value of 1 for 0-22.50 and 337.5-3600 classes. 

 

Table 3. 
Slope orientation degrees 

1. north (00 – 22.50), 
2. northeast (22.50 – 67.50),  
3. east (67.50 – 112.50),  
4. southeast (112.50 – 157.50),  
5. south (157.50 – 202.50),  
6. southwest (202.50 – 247.50),  
7. west (247.50 – 292.50), 
8. northeast (292.50 – 337.50),  
9. north (337.50 -3600).  

 
Fig. 3. The cardinal point orientation based on a a 

3600circle 
 

The resulted grid has the values: 1, 2, 3, 4, 5, 6, 
7 şi 8. These values must be assigned a role. 
Therefore, the specific name for the layout will 
change be changed (ex: 1 with north (337.50-22.50), 
2 cu north-east (22.50-67.50), etc.). 

 

Table 4. 
Aspect 

Classes Assigned 

values 

Suitability classes 

north 100 High 

northeast 90 High 

east 40 Middle 

southeast 20 Low 

south 10 Low 

southwest 30 Low- middle 

east 50 Middle 

northwest 90 High 
 

 

 
Fig. 4. The suitability map according to the aspect 
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The suitability map according to the aspect 

resulted from the previous grid classification (Arc 

Toolbox – Spatial Analyst Tools – Reclass – 

Reclassify). The result was 3 suitability classes 
which were assigned values from 10 to 100 (Table 4). 
The result (Fig. 4) was used in the final relief 
suitability formula for developing skiing areas. 

 
Factor 3: Snow depth: this factor was calculated 

by using snow data from 1961-2012 period from 
Predeal (1000 m) and Sinaia 1500 (1500 m) weather 
stations. The two weather stations are relevant to 
the studied are because of their position. There are 
recorded data from 900 m to 1650 m altitude. Snow 
data were interpolated by using a vertical gradient. 

By analyzing the graph above (Fig. 5) we 
observe the increase of snow depth by altitude. 
Regarding Sinaia 1500 and Predeal weather 
stations, there is a relatively uniform distribution. 
Generally upward to data recorded at Predeal 
station with a relatively sharp increase in depth of 
snow in the period 2009-2012 from 120 centimeters 

to 172 centimeters. Sinaia station recorded data 
shows a downfall in 1500 is snow cover in the same 
period, from 180 cm to 143 cm. 

Data recorded at Omu Peak during 1961-2012, 
from November to May; there is the existence of 
three growth poles in 1970, 1990 and 2014 and two 
degrees poles in the 1980 and 2000. These 
variations may be due to instability of the clouds. 
The greatest thickness of snow was recorded in 
1990: 382.97 centimeters while the lowest layer of 
snow recorded at Omu Peak was 248 centimeters in 
1980. At present there is a tendency of snow 
growing at all meteorological stations analyzed. 

By analyzing the graph (Fig. 6) the smallest 
snow depth is recorded at Predeal meteorological 
station: 106.33 centimeters (period 1961-2012, from 
November to May), followed by Sinaia 1500: 
146.51 centimeters (period 1961-2012, from 
November to May). The greatest snow depth was 
recorded at Omu Peak meteorological station: 
281.91 centimeters (period 1961-2012 from 
November to May). 

 
 

 
Fig. 5.The graph of snow distribution in Predeal, Sinaia 1500 andOmu Peak during 1961-2014 

 

 
Fig. 6. Snow depth - altitudinal distribution (1961-2012) 

 

 
Fig. 7. Average monthly temperature graph from November to May (1961-2012) 
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By analyzing the graph above (Fig. 8) the 
average monthly temperature from November to 
May 1961-2012 is seen keeping the temperature 
below 0 0C at Omu Peak and Sinaia 1500 weather 
stations. Because of the altitude (1000 m) in Predeal 

weather station, the temperature fluctuated from  
0.9 0C in 2000–2009 to 0.07 0C in 1980 – 1989. The 
graph (Fig. 7) shows a slight downward trend of 
monthly average temperatures during cold season. 

 
 

 
Fig. 8. Average monthly temperature graph   

 
In conclusion, snow depth is very important. Its 

distribution is formed on a vertical gradient (Table 
5) that introduces the relief altitude in the suitability 
formula. 
 

Table 5. 

Snow depth 

Hypsometric steps (m) cm Gradient (cm) 

900 - 1000 48.58 7.26 

1000 - 1100 55.84 7.26 

1100 - 1200 63.10 7.26 

1200 - 1300 70.36 7.26 

1300 - 1400 77.62 7.26 

1400 - 1500 84.88 7.26 

1500 - 1600 92.14 7.26 

 
To achieve the snow depth vertical gradient 

(Fig. 9) we used Reclass– Lookup function from 
ArcToolbox – Spaţial Analyst. Before applying this 
function, the Digital Elevation Model was 
reclassified (ArcToolbox – Spatial Analyst – Reclass 

– Reclassify). At Input raster we selected DEM by 
using values from Table 5. The result is the map of 
snow depth vertical gradient which will be granted 
on suitability classes by using the values from  
table 6. The final result is the relief suitability map 

based on snow depth (Fig. 9). 
 

Table 6. 
Snow depth (m) 

Classes Assigned 

values 

Suitability classes 

40 – 50 cm 40 Middle - low 
50 – 60 cm 60 Middle 
60 – 70 cm 80 High 
70 – 100 cm 100 High 

 

 

 

 

 
Fig. 9. The relief suitability map based on snow depth 

 
Factor 4: Soil texture: the soil is a very important 

element to be taken into account when speaking 
about territorial planning (Săvulescu, 2011). 

Relief suitability for developing a ski area must 
take into account the soil texture because the 
presence of clay soil can be a problem due to 
flushing of the ingredients by meteoric water. The 
occurrence of geomorphological processes could 
negatively affect the slopes (Fig. 10). 

The soil map was achieved by using vector data 
extracted by soil map 1:200.000 scale. 
To determine the soil suitability, the map is 
analyzed and classified into classes of soils. 
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Subsequently, we will determine for each class the 
degree of favorability for skiing area. It will assign 
values from the table below (Table 7) and we will 
develop a grid. 
 

Table 7 
Soil texture 

Classes Assigned 

values 

Suitability 

classes 

Sandy loam 100 High 
Sandy loam - clayey 80 High 

Varied texture 30 Middle 
Sandy loam - silty clay 20 Low – Middle 

Loamy - clay 10 Low 
clay 1 Low 

 

 

 
Fig. 10. The relief suitability map based on soil texture 

Other important factors 

The land use is very relevant regarding relief 
suitability for ski slopes development. In the 
analyzed area, 90% were forests of alpine meadows. 
Because of this, the land use has not been taken into 
account in the final formula for the relief suitability 
determination. 

The geology is a very important factor, often 
restrictive (Mihai, 2003). In the studied area there is 
a geological homogeneity. Because of this, the 
geology has not been taken into consideration in the 
final formula for the relief suitability determination. 

Geomorphological processes represent limiting 
factors when developing a ski area. To determine 
the suitability of a ski area development, it is very 
important to manage and inventorize the 
geomorphological processes. They can adversely 
affect skiing, tourism infrastructure but they can 
affect the safety of skiers (Grecu, 2009). 

Wind and nebulosity: there are important 
elements that can limit factors of tourism activities. 

Analyzing the chart above (Fig.11) we can 
observe a downward trend in wind speed at all the 
meteorological stations. 

We also notice that the wind speed varies with 
altitude and according to local conditions (Fig. 12). 
The largest wind speeds are recorded at Omu Peak 
station: 12,03 m/s in 1961 followed by Predeal 
meteorological station at 1000 m elevation where 
the highest wind speed was 12.03  m/s also in 1961. 
At Sinaia at 1500 m altitude the highest wind speed 
is 2.4 m/s in 1961 gradually decreasing to 2.14 m/s 
in 2012 (Fig.12). 

The cloud scan influences the ski areas position 
by preventing direct sunlight to reach and melt the 
snow.

 

 
Fig. 11. Wind speed – from November to May (1961-2012) 

 

 
Fig. 12. Wind speed – from November to May (1961-2012) 
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4. Results 
 

Suitability map (Fig. 13) was accomplished by 
applying the formula as follows the four factors 
related to the values represented by the raster of 10 
to 100. ArcToolbox – Spatial Anayst Tools – Map 

Algebra – Raster Caculator was used to apply the 
formula [(slope x 2 + aspect x 2 + snow depth + 

soil texture)]/6. 
By analyzing the map, we emphasize with green 

the favorable areas ski development (Fig. 13). The 
middle suitable areas are represented with yellow 
and the unsuitable areas with red. 

 
Fig. 13. Relief suitability map for sky areas development 

 
Proposals for the Azuga – Predeal macro ski 

area development  

 
By analyzing the relief suitability map, nine 
connecting slopes and four cable ways were 
proposed (Fig. 14, 15).  

Nine ski runs have been proposed for suitable 
ski areas. They have different characteristics (Table 
8) extending over a length of 11.39 km. 

 
Fig. 14. Proposal for Predeal – Azuga project development 

 

 
Fig. 15. Touristic infrastructure and cable ways proposals 
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Table 8. Ski slopes characteristics 

Slope Slope characteristics 

Name Difficulty 
L 

m 

l med 

m 

Alt Pl 

m 

Alt Sos 

m 

i % 

med/max 

i  (0) 

med/max 

Δh 

m 

S 

ha 

Susaiului U 1544 22.7 1324 1451 5/18.6 8.7/33.60 127 9.351 

Taurului U 960 59 1324 1519 12.5/21 22/38.4 195 5.67 

Gârbovei U 884 45.5 1324 1400 12.5/ 13 22/ 23.10 76 4.021 

Ursoaia Mare M 1193 33,8 1064 1519 21.5/28.6 37/54.5 455 4.035 

Cerbului D 1210 40 1064 1519 21.4/36.7 36.7/74.5 455 4.917 

Ursului M 1618 43.4 1064 1519 18/32.6 34.45/64 455 7.028 

Limbășel U 1792 40.9 950 1519 18.2/43.2 34.8/93.90 570 7.339 

Glodului D 1860 28 950 1410 21.5/26.6 37/50.10 460 5.214 

Glodului 

variantă 

M 329 15 950 1100 8.9/30.6 14/59 50 0.477 

L – length, l med – average width, Alt Pl – departure altitude, Alt Sos –arrival altitude, i % 

med/max – average/maximum inclination in percent, i  (0)average/maximum inclination in degrees, Δh – level difference, S – surface 

 
Table 9. Gondola proposals 

Gondola 
Departure  

station 
(base) 

Arrival station 
(top) 

Capacity 
people /h 

Number of 
pillars 

Susai 1324 1451 900 11 

Ursului 1064 1519 1724.8 9 

Taurului 1324 1519 1700 9 

Azuga Sud 950 1519 1750 12 

Total 6074.8 41 

 
For the proposed slopes (Fig. 17) and proposed 

cable ways (Fig. 16) topographic profiles were 
made to identify their development in the 
longitudinal profile. These profiles were very useful 

for determining the degree of difficulty of the ski 
slopes (Table 8) and the need to choose from 
several types of cable way (cable car, gondola, chair 
lift, teleski). 

 

 
Fig. 16. Proposal ski slopes profile 

 

 
Fig. 17. Proposal cableway profiles 

  
They calculated the capacities for the proposed 

ski slopes and touristic infrastructure (Table 9). 
They also calculated the surfaces that would change 

the type of use after the project implementation 
(Table 10). 
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Table 9. Proposed capacities 

Gondola ascent times serviced slopes length 
m 

Average speed 
km/h 

Susai 4.8 min Susaiului 1544 25 

Gârbovei 884 25 

Ursului 3.9 min Ursoaia Mare 1193 25 

Cerbului 1210 25 

Ursului 1618 25 

Taurului 2.9 min Taurului 960 25 

Azuga Sud 4.8 min Limbășel 1792 25 

Glodului 1860 25 

Glodului 

variantă 

329 25 

Average 4.1 min    

8.45 downhill-boarding /h/people Optim maximum: 718.91 skiers/h 

5.751 skiers/zi (8 h) 6074,8 people/ascent 

 
Table 10. The surfaces that would change the type of use after the project implementation 

Proposal Surface (ha) Land use Relief unit 

Slopes 48,051    
mixed forests 

 
Clăbucetele 
Predealului 

Gondolas 11,079   

Gondola outbuildings (departure stations, arrival station, deposit) 0.344   

annex building (restaurant, ticket offices) 0.143   

Parking place 1.099   

Pillars foundations (3x3x41) 0.0369   

Total permanent and temporary construction 56.079   

Total permanent constructions (structures) 1.62     

 
Analyzing the table above (Table 10) we can 

observe a land use change from mixed forests into 
permanent and temporary constructions and ski 
slope areas. 

Analyzing the balances / imbalances report 
(Table 11) we notice the predominance of 
implementing this project (27 points). Some 
negative effects will diminish. Some ecosystems 

will rebalance after the execution of the project. 
Deforested area will regenerate because the activity 
of ski is in winter. Because solid constructions are 
not part of our proposal there will not be barriers to 
prevent movement of animal populations. Flora and 
fauna are readaptable and they will quickly find a 
balance.

 
 Table 11. Balance sheet of balances and imbalances 

Identified element Positive (0-2) Negative (0-2) 

0 - unimportant, 1 – neutral,  2 – important 

Increase of the area attractiveness and competitiveness  2 0 

Expanding the ski area 2 2 

Satisfying the skiers’ requirements 2 0 

Long period tourists attraction 2 0 

Attracting tourists from remote areas, including foreign tourists 2 0 

Arrangement of new ski slopes (approved) 2 2 

Achieving a modern cableway 2 2 

Development of transport infrastructure and new  parking places 2 1 

The ecosystems and natural habits degradation and regeneration after work 1 1 

Changing land use from mixed forest in recreational areas 2 2 

Creating new work places 2 0 

Economic and social development 2 0 

Consumption of electricity, water, gas, oil, waste generation 0 2 

Project implementation cost/benefit (costs amortization) 2 1 

Active and healthy live system promotion 2 0 

Accidents 0 1 

Total 27 14 
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5. Conclusions 

  

Analyzing the most important European mountain 
resorts there is a better use of the ski area shared 
between two or more resorts. There is good 
management and integrated management of tourist 
facilities and infrastructure used by skiers. The 
analysis reveals the relief suitability for developing 
a ski area between Predeal and Azuga resorts. The 
investment is to expand the ski area between 
Predeal and Azuga by developing new slopes (new 
and connection). The ski slopes will be approved 
under European law and certain related facilities to 
ensure their operation: touristic infrastructure, 
artificial snow facilities, provision of utilities and 
other services. 

The benefits of implementing the project are: 

- Creating a visible ski area of Prahova Valley as 
a tourist destination both internally and externally; 

- Ensuring sustainable development of winter 
sports; 

- Creating a network of tourist information 
centers coordinated in all resorts but also the 
internet to transmit the correct information in quick, 
uniform and organized time; 

- Encouraging municipal and county authorities 
to develop integrated development macro ski area, 
including all infrastructure elements to avoid 
uncoordinated development; 

- Stations and mountain areas developing to 
provide facilities and attractions to tourists 
throughout the year (in winter: skiing, 
snowboarding, spring; in summer and autumn: 
hiking, mountain biking, etc.). 
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