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Abstract: Forests are usually found in high and steep slopes of mountainous areas in Artvin region, 
which increases harvesting cost. For logging operations, Koller K 300, Urus M III mobile skylines and 
MB Trac 900 forest tractors are commonly used in Artvin region. In this study, productivity of roundwood 
extraction and the physical damages of logging activities on residual trees and seedlings due to logging 
by Urus M III skyline on snow in Artvin, Turkey were investigated. In order to achieve our aims, 4 
representative plots were taken in the harvesting areas using Urus MIII skyline in winter season. Physical 
damages caused by logging to residual trees and seedling were noted. Damage classes for the residual 
trees were divided into 4 categories as (0:no injury, 1:light injury, 2:medium injury, 3:heavy injury) and 
5 categories for the seedlings as (0:no injury, 1:light injury, 2:medium injury, 3:heavy injury, 4:dead 
trees). The average total time of shift was measured as 13.10 minute for uphill logging and 22.92 minute 
for downhill logging. Increases in number of pieces, log diameter, log length and log volume increased 
the total transportation time. The results also indicated that the productivity value of Urus MIII skyline 
varies among the sites (5.87 m!/h in Site-1, 6.82 m!/h in Site-2, 4.08 m!/h in Site-3 for uphill and 1.69 
m!/h in Site-4 downhill), and uphill yarding by Urus MIII was more productive than downhill yarding on 
snow. Besides, it has been concluded that logging activities on snowy terrain during winter caused less 
damage on residual trees and seedling than that of the logging during summer season. 
 
 
1. Introduction 
 
Several classes of extraction systems are commonly recognized, including ground-skidding systems, 
forwarding, cable extraction systems, aerial systems (helicopter or balloon) and animal logging, among 
others. Cable extraction systems are fundamentally different from other extraction systems. Cable 
systems are to be used, it is essential that sufficient time should be allotted to permit the necessary 
advance planning so that the operation can meet its environmental objectives at a reasonable cost. 
(Dykstra and Heinrich, 1996).  
 
During the winter, equipment can travel off constructed roads and move logs through the forest across a 
frozen “pavement” of ice and snow. Unless the snow pack gets too deep, operations can continue 
throughout the winter. In logging operations, vegetation, including young tree seedlings, is better 



protected under the snow pack. Winter logging is a difficult task for the workers and the equipment, but it 
is really easy due to less ground friction (Trzesniowski, 1985; Murray and Buttle, 2003). In some areas 
with higher elevation where snow covers the ground and soils are frozen, winter logging is allowed. Root 
damage from equipment traveling and logs being dragged over the snow is lower compared with summer 
logging (Froehlich et al., 1981; Stone, 2002; Cole, 2003). Continued innovations in designing logging 
equipment will allow logging to become yet more versatile and less detrimental to the environment; 
therefore, the public can expect to see even less disruption to the visual quality of landscapes following 
timber harvesting operations (Whitson et al. 2003). 
 
Cable yarding can be implemented in any weather conditions and result in less damaging to the forest 
ecosystem than tractor skidding (FAO, 1997; Baumgras et al., 1995; Dykstra and Heinrich, 1996). Cable 
yarding can be defined as the movement of logs from stump site to a landing by a machine equipped with 
multiple drums or winches, which operate from stationary position at the landing. Cable systems can 
transport logs over ground in which a tractor cannot operate. Swamps, mud, rocks, steep slopes and 
broken topography can be logged by a cable system designed for the terrain conditions. Besides, they are 
available to operate in any logging direction-upslope, down slope, or along the contour.  
 
Timber harvesting with insufficient planning, improper operational techniques, and lack of control of 
operation result in severe damage to forest soil (Pinard et al., 2000; Croke et al., 2001; Demir et al., 2007; 
Akay et al., 2007), residual forest trees (Erda!, 1986; Elias, 1995; Johns et al., 1996; Krzic et al., 2003), 
seedlings (Rushton et al., 2003; Ero"lu et al., 2007), wildlife (Mangan and Bertolo, 2003), and wood 
products (Holmes et al. 2002; Ero"lu, 2007). This damage can lead to such environmental degradation as 
damaged forest, compacted and infertile soil, erosion and turbid water (FAO, 1997).  
 
In the most regions of Turkey, the application of mechanized harvesting equipment is currently very 
limited due to low labor costs and high fuel costs. In Turkey, URUS MIII cable systems have been in use 
since the end of 1970s. The actual usage of cable systems is not very high, but in mountainous parts of 
Turkey such as Artvin region, this cable system is very often the only reasonable possibility for wood 
extraction (Acar et al., 2000; Akay and Sessions, 2004; Öztürk and Demir, 2007). 
 
Forests are usually found in high and steep slopes of mountainous areas in Artvin region, which increases 
harvesting cost. For logging operations, Koller K 300, Urus M III mobile skylines and MB Trac 900 
forest tractors are commonly used in Artvin region (Acar et al., 1999; Öztürk et al., 2001; Acar and Dinç, 
2001). In this study, the effectiveness of roundwood extraction by Urus M III skyline on snow was 
investigated in four harvesting sites in Artvin, Turkey.  
 
2. Material and Method 

 
This study was conducted during the year of 2007 in Artvin and Saçinka Forest Administrations in Artvin 
(north-eastern part of Turkey, 41° 10# N, 41° 48# E), Turkey (fig 1).  

 
Figure 1. Location of the Artvin and Saçinka Forest Administration 

 



Urus M III skyline was used in 4 different harvesting sites (2 in Artvin Forest Administration and 2 
in Saçinka Forest Administration) (fig 2).  

 
 

 
 
Figure 2. Location of the measurement sites in Artvin and Saçinka Forest Administration. 

 
 
Urus M III forest skyline is generally used in uphill yarding operations, ranging from 500 to 600 m 

and combining with Mercedes Benz Unimog U1500 truck. This skyline has been used to timber 
harvesting on snow recently (figure 3). Four workers are employed in operating the cable system. The set 
up duration of cable system is between 10–16 h and pull up duration is between 4–8 h depends on terrain 
conditions. The number of safety ropes ranges between 2 and 4.  

 

  
 
Figure. 3. Timber harvesting by Urus M III forest skyline on snow. 

 
 

In the study sites, the ground slope and line slope range from 55 to 70% and 30 to 35%, respectively. The 
forest products yarded were oriental spruce, nordmann fir, and oriental beech (table 1). Transportation 
distance and worker number range from 200 to 400 m and 5 to 7, respectively. Uphill transportation was 
performed in Site-1, Site-2, and Site-3, while downhill transportation was done in Site-4.  

The measurement tools such as electronic chronometer, steel meter, clinometers etc. were used during the 
field studies. To measure the time consumptions, digital chronometer (1 minute =100 second) was used. 
Also, digital camera and video camera were used to record images and videos of yarding operations. 
Study cards were used in time analyses to determine the productivity of the logging techniques. 
Cumulative time measurement technique was employed for time measurement at the study areas. 
Measurements were taken from the points with good visual angles to see the operations clearly.  



Table 1. Properties of experimental areas for Urus M III skyline. 

Type of 
skyline 

Site 
no 

Study 
area 

Stand 
no 

Ground/line 
Slope, % 

Transport dist./ 
line dist., m 

Number 
of cycle 

Number   
of worker 

Transport 
direction 

Type of log 
yarded 

Urus MIII 

1 
2 
3 
4 

Artvin 
Artvin 

Saçinka 
Saçinka 

30 
30 

257 
257 

60/30 
50/30 
55/35 
70/30 

250/500 
200/400 
400/500 
400/550 

32 
30 
27 
28 

6 
5 
6 
7 

Uphill 
Uphill 
Uphill 

Downhill 

spruce 
spruce 

beech-fir-spruce 
beech-fir 

 
Data obtained from the time studies in harvesting units were entered into the computer and listed in the 
data tables indicating work phases. Permanent time consumption technique was used during the uphill 
and downhill transportation by Urus M III. Measuring time consumption phases were; X1: arrival of the 
empty carriage to loading area, X2: pulling the hook and hooking the logs, X3: pulling the load to carriage 
and locking, X4: pulling the loaded carriage to unloading area, X5: unhooking the load, and X6: delay 
time. The statistical analysis was performed to investigate the effects of number of piece, log length, log 
diameter, and log volume on total transportation time. All statistical analyses were performed using SPSS® 
15.0 for Windows® software. 
 
The altitude of sites range 1478-1520 m, respectively, and crown closure ranges from 60 to 70%. The 
measured and determined some characteristics are shown in Table 2.  

 
Table 2. Primary features of the harvesting sites. 
Timber 
harvesting 
techniques 

Site 
No 

Altitude 
(m) 

Field  
slope 
(%) 

Aspect 
Crown 
closure  

(%) 

Number 
of 

worker 

Transportation 
distance 

Skyline 

1 
2 
3 
4 

1478 
1520 
1494 
1482 

50 
40 
70 
50 

South- East 
East 

North 
North-West 

70 
60 
70 
60 

6 
6 
5 
5 

450 
700 
550 
350 

 
In each timber harvesting site, 100 samples were measured for each damage on residual trees and 
seedlings. The level of damage caused by timber harvesting techniques on the residual trees and 
seedlings, was calculated based on injury size (table 3) as used in Elias (1998). 

 
Table 3. The level of damage in residual trees and seedlings. 
Residual trees Seedlings 

0 : no injury 
1 : light injury (crown damage < 30% 

/ bark and stem injury < 25% / root 
and buttress injury < 25%) 

2 : medium injury (crown damage 30-
50% / bark and stem injury  25-
50% / root and buttress injury 25-
50%) 

3 : heavy injury (broken stem, fallen 
three, crown damage-bark and 
stem injury-root and buttress injury 
> 50%) 

0 : no injury 
1 : light injury (crown damage / 

bark and stem and root and 
buttress injury  <25%) 

2 : medium injury (crown 
damage / bark and stem and 
root and buttress injury  25-
50%)  

3 : heavy injury (crown 
damage-bark and stem 
injury-root and buttress 
injury 50 - 75%) 

4 : dead seedling 
 
 

3. Results and Discussion  
 
The results of time measurements indicated that the most time consuming work phase was found to be 
“pulling the hook and hooking the log” (X2) in Site-1, “pulling the loaded carriage to unloading area” 



(X4) in Site-2 and 3, and “pulling the load to carriage and locking” (X3) in Site-4. Average time 
consumption was the highest in Site-4 for the work phases of X1, X2, X3 and X4 (fig. 4).  

 
Figure 4. Distribution of time measurements for work phases in study sites. 

 
This result showed that downhill logging by Urus M III was more difficult and took much more time than 
uphill logging. When the study (Öztürk and Demir, 2007) was carried out on similar condition in summer 
season, it was found that time consumption of “pulling to hook and hooking the log” took the most time 
compared with the other work phases. Average total time of cycle was founded as 17.32 min for 350 m 
yarding distances. In the present study, average total time of cycle was measured as 13.10 min for uphill 
logging and 22.92 min for downhill logging. Therefore, logging in this study by Urus M III on snow 
required less time than logging in dry season for uphill logging.  
 
Number of piece, log length, and log diameter were measured in the field, and then log volume and 
transportation speed were calculated (table 4). The average number of piece, log length, log diameter, and 
log volumes range from 1.22-1.69, 2.5-12 m, 18-72 cm, and 0.226-2.278 m$, respectively. The average 
transportation speed was calculated as 80 m/min for uphill logging and 70 m/min for downhill logging. 
Transportation speed was determined as 60 m/min for uphill logging by Urus M III in summer season in 
similar condition (Öztürk and Demir, 2007). In addition, in the other studies, transportation speed was 
founded to be 61 m/min for uphill logging by Koller K 300 skyline (Erda! and Ero"lu, 1999), 39 m/min 
for uphill logging by Gantner skyline (Eker et al., 2001), and 97 m/min for logging by Steyr KSK 16 
skyline (Krpan et al., 2001). 

 
Table 4 Data summary of yarding operation for study sites. 

WORK PHASES, min Site  
no 

X1 X2 X3 X4 X5 X6 TT* 

Average 
number of 

piece 

Log 
length, m 

Log 
diameter,c

m 

Log volume, 
m$ 

Unloaded 
speed, 
m/min 

Loaded 
speed, 
m/min 

Site-1 0.99 3.29 3.08 2.98 0.90 0.18 11.42 1.69 2.5-6 28-54 0.569-2.500 252 84 
Site-2 1.04 2.29 1.99 2.56 1.09 0.49 9.48 1.63 3-6 25-56 0.502-1.584 192 78 
Site-3 2.10 3.97 3.17 5.06 0.69 3.40 18.39 1.54 3-12 18-72 0.453-2.278 190 79 
Site-4 3.02 4.30 6.91 5.72 1.03 1.93 22.92 1.22 4-8 24-54 0.226-1.404 133 70 

 * TT: Total time 
 
Increases in number of pieces or product diameter increased the total transportation time when the pieces 
were transported either uphill or downhill. This increase was slightly higher in uphill transportation.  

 
When product length or product volume increased, the total transportation time in both uphill and 
downhill transportation was increased. But this increase was higher in downhill transportation. 
 
Increases in number of pieces, log diameter, log length and log volume did not significantly increase the 
total transportation time when the pieces were transported either uphill or downhill.  
 
Productivity of Urus MIII skyline were determined in Site-1, Site-2, Site-3 and Site-4 as 5.87 m$/h, 6.82 
m$/h, 4.08 m$/h, and 1.69 m$/h, respectively. The average relative productivity value was 11.23 min/m$ 



and 35.26 min/m$ for uphill and downhill logging, respectively (table 5). Thus, it might be stated that 
uphill logging by Urus MIII was more productive than downhill transportation on snow.  
 
Table 5. Productivity values for Urus MIII on study sites 

Productivity  Relative productivity  
Site no Yarding 

Distance, m 
Line 

slope, % 
Transportation 

direction m$/h m$/shift min/shift min/m$ 

Site-1 250 30 Uphill 5.87 1.12 11.42 10.20 
Site-2 200 30 Uphill 6.82 1.08 9.48 8.78 
Site-3 400 35 Uphill 4.08 1.25 18.39 14.71 
Site-4 400 30 Downhill 1.69 0.65 22.92 35.26 

 
Productivity of Urus MIII was determined as 7.5 m$/h in summer season (Öztürk and Demir, 2007). 
Relative productivity value for Gantner skyline was reported as 11.74 min/m$ in Artvin (Eker et al., 
2001). According to (Acar and Dinç, 2001), productivity at winter harvesting for skidding with human 
power was 1.15 m$/h, while it was 5.87 m$/h for an average hauling distance of 250 m in skidding by MB 
Trac 900. Also in the other studies in Artvin, productivity value was determined for Koller K 300 as 4.79 
m$/h (Stenzel et al., 1985), 5.67 m$/h (%entürk et al., 2007), 6.41 m$/h (Tunay and Melemez, 2001), for 
Urus M III as 6.73 m$/h (Ero"lu and Acar, 2007), and for Gantner skyline as 5.01 m$/h (Eker et al., 2001). 
The present investigation showed that although the productivity value of Urus M III skyline in uphill 
logging differed among the Sites 1-3 (4.08, 5.87, and 6.82), the productivity value was the least in 
downhill logging and decreased to 1.69 m$/h at Site-4. The results derived from this study indicated that 
Urus M III forest skyline should be used for logging on snow effectively and uphill logging should be 
preferred to downhill logging in order to increase the productivity or effectiveness of logging by Urus M 
III forest skyline.  
 
It might be concluded that Urus M III can be used efficiently to extract logs on snow in Artvin forestry, 
Turkey. It is well known that the cost of wood extraction depends on many factors. To reduce cost and 
damage to remaining trees during wood extraction, Urus M III cable system can be used for logs downhill 
and uphill on slopes with a gradient of 30-80%. Wood extraction with Urus M III can also be 
economically advantageous to utilize logs produced from silvicultural activities and all tree harvesting 
operations.  
 
In sites, average diameter and height of damaged residual trees and seedlings are 39.69 cm, 21.68 mm and 
26.78 m, 139,74 cm respectively. Average damage level of tree and seedling are 0.23 and 0.31 
respectively (Table 6). 
 
Table 6. Data summary of yarding operation for study sites  

Mean Diameter  Mean Height  Level of Damage Site 
No  Tree  

(cm) 
Seedling  

(mm) 
Tree  
(m) 

Seedling 
(cm) Tree Seedling 

1 45.03 17.56 23.54 36.54 0.28 0.31 
2 38.93 29.37 22.54 103.66 0.14 0.12 
3 35.36 21.39 20.32 124.61 0.23 0.42 
4 39.42 38.81 22.02 294.15 0.26 0.40 

Average 39.69 21.68 26.78 139.74 0.23 0.31 
 

Average degree of physical damage on residual trees is shown in Table 7. Average physical damage level 
of logging in winter season on residual trees has been calculated as 0.228. A study conducted by Ero"lu 
and Öztürk (2009) in the same area found out this degree of damage in summer season as 0.403. It was 
found out that 78.5% of residual trees were not injured in the logging during winter. 
 
 
 
 



Table 7. The level of the damage based on the injury size of residual trees in winter season  
Physical damage level  

(%) 
0 1 2 3 

Average damage 
level 

78.5 20.25 1.25 0.0 0.228 

 

Average harm degrees on seedlings is given in Table 8. When this table is examined, it can be seen that 
the average physical damage level imposed by logging activities in winter season is determined as 0.31. 
The average damage level of logging activities in the same area during summer season is determined as 
0.57 (Ero"lu and Öztürk, 2009). During the logging activities in winter season, 71.50 % of the seedling in 
stand were not damaged physically. 

 
Table 8. The level of the damage based on the injuring size of seedlings in winter season 

Physical damage level  
(%) 

0 1 2 3 4 

Average damage 
level  

71.50 25.75 2.75 0.00 0.00 0.313 

 

Physical damages imposed by logging activities during summer months through overhead lines on 
seedlings is mostly in the form of flattening and injuring the seedling which are carried with one end on 
floor. Physical damage incurred by seedling is peeling of crust and cambium layers and injuries in the 
trunk and offshoots. These physical damages appear less during winter activities as the seedlings are 
under snow. 

 
Advantages of logging on snow in winter include; 1) natural regeneration under the snow layer is not 
harmed, 2) soil is protected from disturbance, compaction, and erosion, 3) winter temperature and 
moisture protect timber quality from fungal and insect damage, 4) labor is easier to obtain because of 
reduced farm work during the winter, 5) local villagers are provided year-round work and 6) winter 
harvested timber commands a higher selling price (FAO, 1998). 
 
Acknowledgements 
 
This study is funded by The Scientific and Technological Research Council of Turkey (TUBITAK) with 
the project number 106O054. 

 
 

References 
 
Acar, HH, Dinç, B (2001). An Investigation of Winter Harvesting on Steep Terrain in Forestry, Turk. J. 

Agric. For. 25: 139-147. 

Acar, HH, Ero"lu, H, Yoshimura, T (2000). Technical and Economical Analysis of The Wood Production 
System Using Koller K 300 and URUS M III on Steep Terrain. In: Proceeding of Forest and Wood 
Technology vs. Environment, Brno, Ceck Republic, pp. 13-19. 

Acar, HH, Topalak, Ö, Ero"lu, H (1999). Forest Skylines in Turkish Forestry. In: Proceedings of IUFRO 
Conference: Emerging Harvesting Issues in Technology Transition at the end of Century. Opatija, 
Croatia, pp. 43 - 44. 

Akay, A.E., Sessions, J. ve Aruga, K. 2007. Designing a forwarder operation considering tolerable soil 
disturbance and minimum total cost. Journal of Terramechanics, 44: 187-195. 

Akay, AE, Sessions, J (2004). Identifying the Factors Influencing the Cost of Mechanized Harvesting 
Equipment, KSU Journal of Science and Engineering, 7: 65-72. 



Baumgras, JE, Herar, JR, LeDoux, CB (1995). Environmental Impacts from Skyline Yarding Partial Cuts 
in an Appalachian Hardwood Stand: A Case Study. In: Proceedings of the Council on Forest 
Engineering 18th Annual Meeting, Sustainability, Forest Health & Meeting The Nation’s Needs for 
Wood Products. North Carolina, pp 413 - 419.  

Cole, M (2003) Winter Logging–Easy, Hard, or Both? Helena National Forest, p. 1. 

Croke J, Hairsine P, Fogarty P (2001). Soil recovery from track construction and harvesting changes in 
surface infiltration, erosion and delivery rates with time, Forest Ecol. Manag. 143: 3-12. 

Demir, M., Makineci, E. ve Yılmaz, E. 2007. Investigation of timber harvesting impacts on herbaceous 
cover, forest floor and surface soil properties on skid road in oak (Quescus Petrea L.) stand. 
Building and Environment. 42:1194-1199. 

Dykstra, D., Heinrich, R (1996). FAO Model Code of Forest Harvesting Practice, Rome, p. 85.  

Eker, M, Acar, HH, Karaman, A, Ça"lar, S (2001). Gantner Skyline for Timber Extraction in Turkish 
Forestry. In: Workshop Proceeding of New Trends in Wood Harvesting with Cable Systems for 
Sustainable Forest Management in the Mountains, Ossiach, Austria, pp. 121-128. 

Elias, A. 1995. A case study on forest harvesting damages, structure and composition dynamic changes ın 
the residual stand dipterocarp forest in east Kalimantan, &ndonesia. IUFRO XX. World Congress, 
Tempere, Finland, s.110-112. 

Elias, A. 1998. Reduced impact timber harvesting in the tropical natural forest in Indonesia. Forest 
Harvesting Case-Study 11. Rome.  

Erda!, O (1986). Odun Hammaddesi Üretimi, Bölmeden Çıkarma ve Ta!ıma Safhalarında Sistem Seçimi. 
Journal of KTU Forestry Faculty 9, p. 1-2.  

Erda!, O, Ero"lu, H (1999). Technical and Economical Analysis of Short Distance Koller K 300 Yarder 
Used for the Extraction of Timber in Artvin Region, Turk. J. Agric. For. 23:1249-1256.  

Ero"lu, H, Acar, HH (2007). The Comparison of Logging Techniques for Productivity and Ecological 
Aspects in Artvin, Turkey. J. Appl. Sci. 14: 1973-1976. 

Ero"lu, H., 2007. A theoretical approach for determining environmental hazards caused by technical 
forestry operations. International Symposium, The 150th Anniversary of Forestry Education In 
Turkey: Bottlenecks, Solution, and Priorities In The Context of Functions of Forest Resources. 
&stanbul, Turkey, s. 374-383. 

Ero"lu, H., Acar, H.H., Özkaya, M.S. ve Tilki, F. 2007. Using plastic chutes for extracting small logs and 
short pieces of wood from forests in Artvin, Turkey. Building and Environment, 42: 3461-3464. 

Ero"lu, H., U.Ö. Öztürk, (2009). Artvin Yöresinde Urus MIII Orman Hava Hatları Kullanılarak 
Gerçekle!tirilen Bölmeden Çıkarma Çalı!malarının Dikili A"açlara ve Fidanlara Verdi"i Fiziksel 
Zararların Mevsimsel Açıdan Kar!ıla!tırılması, Artvin Çoruh Üniversitesi, Orman Fakültesi Dergisi, 
9 (1-2), 81-91, (2009). 

FAO, (1997) Forest Harvesting in Natural Forests of the Republic of the Congo, Forest Harvesting Case-
Study 7, p. 24, Rome. 

FAO, (1998). Promoting Environmentally Sound Forest Practice Worldwide. Forest Harvesting Bulletin, 
8-1. 

Froehlich, HA, Aulerich, DE, Curtis, R (1981). Designing Skid Trail Systems to Reduce Soil Impacts 
from Tractive Logging Machines, Oregon State University, Research Paper: 44, p.15, USA.  

Holmes TP, Blate GM, Zweede JC, Pereira R, Barreto P, Boltz F, Bauch R (2002). Financial and 
ecological indicators of reduced impact logging performance in the Eastern Amazon. Forest Ecol. 
Manag. 163: 93-110. 

Johns, J.S., Barreto, P. ve Uhl, C. 1996. Logging damage during planned and unplanned logging 
operations in the Eastern Amazon. Forest Ecology and Management, 89: 59-77. 



Krpan, A, Porsinsky, T, Susnjar, M (2001). Timber Extraction Technologies in Croatian Mountainous 
Selection Forests. In: Workshop Proceeding of New Trends in Wood Harvesting with Cable 
Systems for Sustainable Forest Management in the Mountains, Ossiach, Austria, pp. 101-168. 

Krzic, M., Newman, R.F. ve Broersma, K. 2003. Plant species diversity and soil quality in harvested and 
grazed boreal aspen stands of Northeastern British Columbia. Forest Ecology and Management, 182: 
315-325. 

Mangan, P. ve Bertolo, A. 2003. Impact of logging on yellow perch recruitment in Boreal Shield Lakes. 
Project Reports 2003/2004, Sustainable Forest Management Network. 

Murray, C.D. ve Buttle, J.M. 2003. Impacts of clear-cut harvesting on snow accumulation and melt in a 
Northern Hardwood Forest, Journal of Hydrology, 271:197-212. 

Öztürk, T, Aykut, T, Acar, HH (2001). The Line Analysis on Koller K300 Mobile Skyline in Artvin 
Region. In: Workshop Proceeding of New Trends in Wood Harvesting with Cable Systems for 
Sustainable Forest Management in the Mountains, Ossiach, Austria, pp. 101-106. 

Öztürk, T, Demir, M (2007). Transporting of Oriental spruce Timbers by Urus M III Cable System from 
Selective Forests of Artvin Region, Build. Environ. 42: 1278-1282. 

Pinard, M.A., Barker, M.G. ve Tay, J. 2000. Soil disturbance and post-logging forest recovery on 
bulldozer paths In Sabah, Malaysia. Forest Ecology and Management, 130: 213-225. 

Rushton, T., Brown, S. ve McGrath, T. 2003. Impact of tree length versus short-wood harvesting systems 
on natural regeneration. Forest Research Report 70. Nova Scotia Department of Natural Resources. 
14 s. 

%entürk, N, Öztürk, T, Demir, M (2007). Productivity and Cost in the Course of Timber Transportation 
with the Koller K 300 Cable System in Turkey, Build. Environ. 42: 2107-2113. 

Stenzel, G, Walbridge, T.A., Pearce, J.K. 1985. Logging and Pulpwood Production, John Wiley and Sons. 
Inc., New York. 

Stone, DM (2002). Logging Options to Minimize Soil Disturbance in the Northern Lake States, North. J. 
Appl. For. 19: 115-121. 

Trzesniowski, A (1985). Tree Felling in Mountainous Coniferous Forest, FAO Forestry Paper: 14, p. 24, 
Rome. 

Tunay, M, Melemez, K (2001). Work Performance of Koller K 300 Cable System on Difficult Terrain in 
Turkey. In: Workshop Proceeding of New Trends in Wood Harvesting with Cable Systems for 
Sustainable Forest Management in the Mountains, Ossiach, Austria, pp. 113-119. 

Whitson, I.R, Chanasyk, DS, Prepas, EE (2003) Hydraulic Properties of Orthic Gray Luvisolic Soils and 
Impact of Winter Logging, J. Environ. Eng. Sci. 2: 41-49. 


